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[57] ABSTRACT 

Fuel compositions having improved low-temperature 
?ow properties comprise wax-containing residual or 
flashed distillate hydrocarbon fuel having incorpo 
rated therein a minor amount of a copolymer of (1) 
an ole?nically unsaturated compound containing an 
unbranched saturated hydrocarbon chain with at least 
14 carbon atoms and (2) a heterocyclic compound 
which contains an ole?nically unsaturated double 
bond not attached directly to a hetero atom and of 
which the ring carbon atoms linked to a hetero atom 
do not carry monovalent hydrocarbon groups, the het 
erocyclic compound most preferably being 4 
vinylpyridine. 

2 Claims,‘ No Drawings 



1 
FUEL COMPOSITION 

Background of the Invention 

Depending on the base material chosen and the 
method of preparation applied, fuels may contain par 
affin wax. This wax settles out if the fuel is cooled to 
below a certain temperature. Upon further cooling 
more wax settles out until the mixture of wax and oil no 
longer ?ows. The lowest temperature observed in a 
standard laboratory test at which the waxy mixture still 
flows is called the pour point. The pour point of a fuel 
is of practical importance because it is an indication of 
the temperature at which the fuel no longer ?ows. 'In 
the future, problems associated with the ?ow proper 
ties of petroleum products will play a more important 
part, particularly in those cases where increasingly 
large quantities of waxy crude oil, such as that of Afri 
can origin, will have to be handled. 
Fuels are generally classi?ed as residual fuels or dis 

tillate fuels. Residual fuels contain a certain percentage 
of residual components. The quantity of residual com 
ponents in the fuel may vary within wide limits and 
mostly amounts to from 20 to 80 percent by weight or 
more of the total fuel. The residual components may 
have been obtained, for instance, as residue in the dis 
tillation of crude petroleum either at atmospheric pres 
sure (long residue) or at reduced pressure (short resi 
due). They may also be residues obtained in thermal or 
catalytic cracking processes. The residuals mostly hav 
ing too high a viscosity, ‘they are frequently blended 
with distillate oils, such as gas oils. 
On the basis of their boiling ranges, distillate fuels 

can be roughly classified as gasolines, kerosenes'and 
gas oils. A special grade of distillate fuels is that of the 
so-called flashed distillates, which are prepared as fol 
lows: A crude oil is distilled at atmospheric pressure to 
a bottom temperature of about 350°C. The residue thus 
obtained (long residue) is subsequently ?ashed under 
substantially reduced pressure to obtain a ?ashed distil 
late and a residue (short residue). In the ?ash distilla 
tion, the pre-heated feed is passed continuously into a 
?ash chamber where evaporation takes place under 
constant equilibrium conditions. Gaseous and liquid 
products are continuously discharged. In flashing, frac 
tionation is of no importance. The temperature at 
which ?ashing is carried out is limited to avoid cracking 
and coke formation. These side reactions become im 
portant if the temperature rises too far above 400°C. 
Owing to the temperature limitations, flashing is con 
ducted under highly reduced pressure in order to ob 
tain distillate from a given residue (long residue) in a 
high yield. As a result, the ?ashed distillates contain 
higher boiling and melting paraffins which normally 
only occur in residues. In general these paraffins have 
melting points above about 35°C, their boiling points 
usually being above about 350°C. On account of the 
presence of these higher paraffins, which as a rule do 
not occur in the usual distillate fuels such as gas oils, 
the ?ashed distillates show a close relationship to the 
residual fuels, in particular with respect to their behav 
ior at lower temperatures. 
Fuels containing paraffins of the above-mentioned 

type have a wide ?eld of use and depending on the spe 
cific application particular demands are made on the 
fuel. These demands are laid down in a number of spec 
ified properties, the most important of which relate to 
the pour point and the viscosity. These waxy fuels are 
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used, for instance, as fuel oil for heating purposes and 
as fuel for low-speed diesel engines. In these applica 
tions, the pour point of the fuel plays a very important 
part. . 

It is known to depress the pour point of fuels contain 
ing paraf?ns which at least partly consist of paraffins 
with a melting point higher than about 35°C and a boil 
ing point higher than about 350°C, by adding to these 
fuels polymers of olefinically unsaturated compounds 
at least part of which contains an unbranched saturated 
hydrocarbon chain with at least 18 carbon atoms; see, 
for example, British Pat. No. l,l54,966. 
The thermal case‘history of the fuel, the temperature 

at which the polymer is added and the rate of cooling 
have been found to affect the temperature at which the 
fuel no longer ?ows. In actual practice the latter tem 
perature is of paramount importance and, conse 
quently, a test procedure comprising thermal treat 
ment, temperature at which the polymer is added and 
slow cooling has been designed which is a very near ap 
proach to what happens to a fuel in practice during 
storage, transport and pumping and in which, in partic 
ular, the cooling of the fuel is carried out far more 
slowly than is usual in the laboratory methods for the 
determination of the vpour point. Some fuels containing 
the above-mentioned polymers and having a desirable 
pour point (determined in the usual manner) were 
found, during a treatment linked up with what happens 
to a fuel in practice, to solidify at a higher temperature 
than the height of the pour point would suggest. This 
concerns in particular residual‘fuels containing at least 
about eight percent by weight of paraffins with a melt 
ing point above about 35°C and a boiling point above 
about 350°C. 

SUMMARY OF THE INVENTION 

It has been found that under practical conditions of 
slow cooling in the above-described fuels it is only very 
specific copolymers that are instrumental in preserving 
good flow properties of the fuel at low temperatures. 
According to the invention, into a waxy hydrocarbon 
fuel, selected from the grouplconsis‘ting of a residual 
fuel and a ?ashed distillate, in which the paraffin waxes 
consist at least partly of paraffin waxes with a melting 
point above about 35°C and a boiling point above 
about 350°C are incorporated a minor amount of one 
or more copolymers of (1) an olefinically unsaturated 
compound containing an unbranched saturated hydro 
carbon chain with at least 14 carbon atoms and (2) a 
heterocyclic compound which contains an olefinically 
unsaturated double bond not attached directly to a het 
ero atom and whose hetero atom linked ring carbon 
atoms do not carry monovalent hydrocarbon groups, 
the heterocyclic compound most preferably being 4 
vinylpyridine. 
The invention offers the advantage of improving the 

low-temperature ?ow properties of hydrocarbon fuels 
containing paraffins with a melting point above about 
35°C and a boiling point above about 350°C in a simple 
and economically justified way such that ‘the products 
obtained are suitable for practical use. 
The invention is particularly important for the im 

provement of low-temperature ?ow properties of fuels 
comprising, at least in part, of residualcomponents 
and/or components obtained in the flashing of crude oil 
residues. ‘ 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Besides the paraffins with a melting point above 
about 35°C and a boiling point above about 350°C the 
fuels may contain other paraffms. Depending on the 
blending ratio and the nature of the component of 
which the fuel is composed the total paraffin .content 
may vary within wide limits. The invention is particu 
larly advantageous for waxy hydrocarbon fuels contain 
ing at least 8 percent by weight of those paraffms whose 
melting point is above about 35°C and whose boiling 
point is above about 350°C. 
By olefinically unsaturated compounds comprising 

an unbranched saturated hydrocarbon chain with at 
least l4 carbon atoms is meant compounds containing, 
at least one, both the group >C = C< and the group 
CH3—(CH2),,—CH2— with n B 12. For the sake of 
brevity the terms “long hydrocarbon chains’? and “long 
hydrocarbon side chains” will be used hereinafter, by 
which are meant unbranched saturated hydrocarbon 
chains and hydrocarbon side chains, vrespectively, with 
at least 14 carbonatoms. 

In order to be suitable for use in the present composi 
tion, the copolymers should contain long hydrocarbon 
side chains with at least‘l4 carbon atoms. For practical 
use preference is given to copolymers with long hydro 
carbon side chains in which the number of carbon 
atoms is at most 30 and in particular from 18 to 26. 
The copolymers which can suitably be incorporated 

into the fuel composition according to the present in 
vention consist of a backbone comprising main chains 
built of carbon atoms which main chains carry long hy 
drocarbon side chains. These long hydrocarbon side 
chains may be attached either directly or indirectly to 
the main chains. In the former case there are no further 
atoms between the first carbon atom of the long carbon 
side chain and the carbon atom of the main chain to 
which the side chain is attached. The long hydrocarbon 
side chain can be linked indirectly to the main chain 
between the ‘first carbon atom of the longhydroearbon 
side chain and the carbon atom of the main chain to 
which the side chain is attached by one or more other 
atoms or groups, such as carbon atoms, oxygen atoms, 
sulfur atoms, nitrogen atoms or phosphorus atoms, or 
aromatic groups, for instance phenyl groups. Preferred 
are polymes in which the long hydrocarbon side chains 
are attached to the main chain either directly, or indi 
rectly, via one or more oxygen and/or carbon atoms. 
Such copolymers can in principle be prepared in two 

different manners. In the first place, these copolymers 
can be prepared by copolymerization ofolefinically un 
saturated compounds which consist, at least in part, of 
olefinically unsaturated compounds comprising a long 
hydrocarbon chain. The copolymers can also be pre 
pared by copolymerization of olefinically unsaturated 
compounds in which long hydrocarbon chains do not 
occur, long hydrocarbon chains subsequently being in 
troduced into the copolymer as side chains. The heter 
ocyclic compound may also be incorporated into the 
copolymer by copolymerization of a heterocyclic com 
pound which contains an olefinically unsaturated dou 
ble bond not linked directly to a hetero atom and of 
which the ring carbon, atoms attached to the hetero 
atom do not carry monovalent hydrocarbon groups, or 
the desired heterocyclic ring may be introduced into 
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4 
copolymers into which such a heterocyclic compound 
has not been incorporated by subsequent reaction. 

If the copolymers are prepared by direct copolymer 
ization of a monomer with long hydrocarbon chains 
and a heterocyclic compound which contains an olefin 
ically unsaturated bond not attached directly to a het 
ero atom and of which the ring carbon atoms linked to 
a hetero atom do not carry monovalent hydrocarbon 
groups, a very suitable starting material is a mixture of 
monomers comprising the two monomers mentioned. 
Radical copolymerization can suitably be used. if re 
quired one or both monomers are added during the po 
lymerization so as to obtain a copolymer of a more ho 
mogeneous composition, i.e., a copolymer in which in 
all copolymer molecules the ratio of units originating 
from the said two types of monomer differs only 
slightly. 
Exernplary of olefinically unsaturated compounds in 

which long hydrocarbon chains occur and which can be 
used for the preparation of copolymers for use in the 
present fuel are: alkylstyrenes and acylstyrenes, such as 
p-octadecylstyrene, vinyl esters and allyl esters of satu 
rated aliphatic monocarboxylic acids, such as vinyl es 
ters and allyl esters of arachidic acid and behenic acid; 
alkyl esters of olefinically unsaturated lower aliphatic 
monocarboxylic acids, such as n-octadecyl acrylate and 
n-eicosyl methacrylate; alkyl amides of unsaturated ali 
phatic monocarboxylic acids, such as n-eicosyl acryl 
amide and n-docosyl methacrylamide; dialkyl esters of 
unsaturated aliphatic dicarboxylic acids, such as di-n 
octadecyl maleate and di-n-tetracosyl fumarate; dialkyl 
amides of unsaturated aliphatic dicarboxylic acids, 
such as di-n-eieosyl maleic acid diamide and di-n 
docosyl fumaric acid diamide; imides of unsaturated 
aliphatic dicarboxylic acids, such as n-octadecyl maleic 
acid imide and n-eicosyl maleic acid imide; alkyl vinyl 
ethers such as n-docosyl vinyl ether and n-tetracosyl 
vinyl ether; and monoolefins, such as octacosene-l and 
docosene-l. Preferred are C1, to C30 alkyl esters of ole 
finically unsaturated C3 to C4 monocarboxylic acids, 
such as acrylic and methacrylic acid, and particularly 
preferred are the alkyl acrylates. 
As used herein heterocyclic compounds means com 

pounds which contain a heterocyclic ring. The expres 
sion “olefinically unsaturated double bonds not at 
tached direct to a hetero atom" means that no carbon 
atom which is linked to another carbon atom by an ole 
finically unsaturated double bond is linked direct to a 
hetero atom in the heterocyclic ring. By monovalent 
hydrocarbon groups is meant groups which consist ex 
clusively of carbon and hydrogen, and which can be 
linked to another atom in only one phase. 
Very suitable heterocyclic compounds which contain 

olefinically unsaturated double bonds not attached di 
rect to a hetero atom and of which the ring carbon 
atoms linked to a hetero atom do not carry monovalent 
hydrocarbon groups are compounds containing one 
hetero atom in the ring. The hetero atoms in the heter 
ocyclic ring can very suitably be sulfur, oxygen or phos 
phorus atoms, nitrogen atoms being preferred. Exem 
plary of heterocyclic compounds that can conveniently 
be used are sulfolene, 4-vinylpiperidine, heterocyclic 
compounds containing a pyridine ring being preferred. 
The olefinically unsaturated double bond present in the 
heterocyclic compound suitably occurs in a vinyl 
group. Most preferred‘as the heterocyclic compound of 
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the copolymer of the present composition is 4 
vinylpyridine. 

If desired, olefinically unsaturated compounds which 
neither contain a long hydrocarbon chain nor are het 
erocyclic compounds with the above-mentioned char 
acteristics may be present during the copolymerization 
and be incorporated into the copolymer. Exemplary of 
this type are vinyl esters and allyl esters of saturated 
monocarboxylic acids, such as vinyl esters and allyl es 
ters of acetic acid; alkyl esters of unsaturated monocar 
boxylic acids, such as methyl methacrylate and isobutyl 
acrylate; dialkyl esters of unsaturated dicarboxylic 
acids, such as diethyl maleate and dioctyl fumarate; 
alkyl vinyl ethers, such as octyl vinyl ether and lauryl 
vinyl ether; and monoolefins, such as ethene and bu 
tene-l. 
Depending on the nature of the paraffin waxes having 

a melting point above about 35°C and a boiling point 
above about 350°C present in the fuel, it may be prefer 
able to incorporate one or more copolymers in which 
the long hydrocarbon side chains differ from one an 
other in length by a number of carbon atoms. 
The ratio of the number of units, incorporated into 

the copolymers, originating from an olefinically unsatu 
rated compound which contains an unbranched satu 
rated hydrocarbon chain with at least 14 carbon atoms 
to the number of units originating from a heterocyclic 
compound which contains an ole?nically unsaturated 
double bond not attached directly to a hetero atom and 
of which the ring carbon atoms linked to a hetero atom 
do not carry monovalent hydrocarbon groups may vary 
within wide limits. A ratio between 1:5 and 10:1, that 
is, 02-1011, and particularly 2:1 and 511, that is 2-511, 
is very suitable. 
The molecular weight of the copolymers of the pres 

ent composition may vary within the wide limits. For 
practical application preferably copolymers are chosen 
which have a number average molecular weight be 
tween 1,000 and one million, and particularly between 
3,000 and 100,000. _ 
The concentration in which the polymers may be 

used may vary within wide ‘limits, depending on the na 
ture, the structure and the molecular weight of the 
polymer to be applied, the nature and quantity of the 
paraffin waxes present in the fuel, and the desired ef 
fect. In some cases a quantity as small as about 0.001 
percent by weight calculated on the fuel composition 
may be sufficient for obtaining greatly improved low 
temperature flow properties. In most cases a quantity 
of about 2.0 percent by weight is amply sufficient. It is 
preferred to incorporate from about 0.01 to about 0.5 
percent by weight of the polymers into the fuel. 
The present fuel compositions can, in addition to the 

polymers of the invention improving the low 
temperature flow properties, also contain small quanti 
ties of other compounds which will generally be added 
to fuels of this type. Examples of such compounds are 
antioxidants, anti-corrosion additives, metal deactiva 
tors and additives preventing filter blockage and forma 
tion of emulsions. 

EXAMPLES 
A copolymer according‘to the invention was pre 

pared by copolymerization, at 71°C, of a mixture of 
alkyl acrylates, which alkyl groups contained an aver 
age of 21 carbon atoms, and 4-vinylpridine in toluene 
in the presence of 0.08% azoisobutyronitrile as cata 
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lyst. At the start of the polymerization the molar ratio, 
of alkyl acrylate to 4-vinylpyridine was 110.098; during 
the polymerization (6 hours) 4-viny1pyridine was grad 
ually added. The polymerization was terminated when 
70% of the monomers originally present had been con 
verted. In the copolymer obtained the ratio of the units 
originating from alkyl acrylate to those from 4 
vinylpyridine was 3.611; the number average molecular 
weight of the copolymer was 45000 (polymer A). 

In an analogous way, two copolymers not according 
to the invention was prepared starting from the alkyl 
acrylate described above and 2-vinylpyridine (polymer 
B) and 2-vinyl-5-ethylpyridine (polymer C), respec 
tively. In these copolymers the ratio of the units origi 
nating from alkyl acrylate to those from the vinylpyri 
dines was practically identical with that of polymer A, 
as also was the molecular weight. In the experiments to 
be described further was included for comparison a ho 
mopolymer of alkyl acrylates which contained alkyl 
groups with an average of 20 carbon atoms and which ' 
had a molecular weight of 55000 (polymer D). 
Polymers A, B, C and D were dissolved in four types 

or residual fuel. Fuel 1 was based on a residue of an at 
mospheric distillation of a North African crude oil and 
had a kinematic viscosity at 50°C of 134 cS; fuel 11 
(kinematic viscosity at 50°C, 21 cS) was based on a res 
idue of an atmospheric distillation of a Venezuelan 
crude oil and contained 56.6%w distillate; fuel 11] was 
based on a residue of an atmospheric distillation of a 
Nigerian crude oil with a kinematic viscosity of 60 08 
at 50°C; and fuel 1V contained 83%w of fuel 111 and 
1.7%w of gas oil and had a kinematic viscosity of 30 cS 
at 50°C. Table 1 shows the contents of paraffins with 
a melting point above about 35°C and a boiling point 
above about 350°C. 
The pour points of the fuels which did or did not con 

tain polymers A, B, C or D were determined in the fol 
lowing way: 
The fuel is heated to 104°C with stirring, next poured 

into a test tube and cooled down to —20°C. Subse 
quently the sample is heated to 46°C without stirring 
and the polymer is added in a concentration of 50% in 
toluene, after which the sample is cooled. Starting at 
44°C the test tube is carefully tilted after every 3°C 
drop in temperature. The temperature at which the 
tube can be held horizontal for 5 seconds without the 
waxy mass starting to flow is called the “solid point.” 
The lowest temperature read before the solid point is 
reached, in other words, the lowest temperature'at 
which the paraffinic mixture still flows, is called the 
pour point. The pour point is obtained by adding 3°C 
to the solid point temperature. The results of this pour 
point determination are given in Table 1 below. 

Table 1 

Fuel Wax Concentration Polymers 
in of polymer in A B C D 

fuel in fuel. ppm 
‘7rw 

1 14 _ 0 36 36 36 36 
200 33 33 33 30 
400 18 24 24 21 

ll 7 0 21 21 21 21 
200 <—15 — — —9 

400 <—15 <-—15 ~12 — 
111 16 0 42 42 42 42 

400 27 33 33 27 
IV 14 0 36 36 36 36 

400 12 12 24 15 
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From Table 1 it is seen that with this manner of pour 
determination the fuels containing polymer A have in 
all cases at least an equally low pour point as the same 
fuels with the same amounts of the polymers B, C and 
D; the superiority upon slow cooling of the fuels con 
taining polymer A is not evident yet. 
The solid point of the fuels upon slow cooling, which 

is in better agreement with the temperature changes 
taking place under actual field conditions, was deter 
mined by means of the following heating and cooling 
program. The fuel without polymer was heated to 
104°C, next cooled in an oil both overnight to 22°C and 
kept at this temperature for seven days. Subsequently 
the temperature was raised to 65°C and at this tempera 
ture (doping temperature) in a number of cases the 
polymer was added as a 50% concentrate in toluene. 
After that the temperature was lowered at a rate of 3°C 
per day until the solid point had been reached. In a 
number of cases the addition of polymer to the polym 
cr-frcc fucl during this cooling was effected at 46°C in— 
stead of at 65°C. This is program X. A program Y was 
conducted by heating the fuel compositions cooled to 
15°C according to program X to 45°C and by subse 
quently lowering the temperature again by 3°C per day 
until the solid point had been reached. The solid points 
determined according to this method are recorded in 
Table 2 below. 

Table 2 

Fuel Wax in Qty., ppm, Solid point,°C 
fuel. and type of program X X + Y 
l7rw ol mer doping tem . 

p y 65°C 46°C 65°C 46°C 

l 14 0 29 29 31 31 
400 A l5 l5 l8 18 
400 B 23 23 33 33 
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8 
400 C 20 20 30 30 
400 D 21 21 Z8 25 

ll 7 0 <15 <15 0 0 
200 A <15 <l5 <—ll <—ll 
200 D <15 <15 ~8 ~1i 

111 16 0 36 36 37 37 
400 A‘ g 26 Z3 Z7 27 
400 B 26 26 33 33 
400 C 26 30 33 33 
400 D Z9 Z9 34 34 

'l\/ 14 0 32 32 34 34 
400 A <15 15 < l2 12 
400 B 30 30 33 33 
400 C 30 30 33 33 
400 D 29 29 31 31 

Table 2 clearly shows that incorporation into residual 
fuels of polymer A according to the invention results, 
upon slow cooling, in a further lowering of the solid 
point than incorporation of polymers B, C and D. This 
holds in particular for the paraffin-rich fuels 1, I11 and 
W. 
What is claimed is: 
l. A residual fuel having improved low - temperature 

?ow properties wherein at least about 8% by weight 
of said fuel consists of waxes having a melting point 
greater than about 35°C and a boiling point greater 
than about 350°C, said fuel having incorporated 
therein from about 0.01 to about 0.05% by weight of 
a copolymer of (1) a Cm to C26 alkyl ester of acrylic 
acid and (2) 4-vinylpyridine, the copolymer having 
a number average molecular weight between 3,000 
and 100,000 and a molar ratio of units from (1) to 
units from (2) of 2-51. 
2. The composition of claim 1 wherein the alkyl of 


