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ABSTRACT OF THE DISCLOSURE 
A pour point depressant for crude oil, shale oil or a 

fuel oil which comprises 35-100 wt. percent of residua 
from the distillation of crude or shale oil is disclosed. The 
pour point depressant is a copolymer of ethylene and a 
vinyl or C1 to C30 hydrocarbyl substituted vinyl ester of 
a C1 to C30 saturated aliphatic monocarboxylic acid, said 
copolymer having a number average molecular weight 
of about 4,000 to 60,000 and containing about 40 to 95 
wt. percent ethylene. 

This invention relates to fuel compositions based on 
residua-containing fuels, and other base oils. 

Although various pour point depressants are known and 
have been used, they have been reasonably successful only 
with middle distillate fuels. It has been found difficult to 
obtain a potent pour point depressant for shale oils, 
residua or residua-containing ‘fuels. We have now discov 
ered certain polymers which are potent as pour point 
depressants in certain hydrocarbons, e.g, residua-contain 
ing fuels or crude oils. 

According to this invention hydrocarbon-containing 
compositions comprise a major proportion by weight of 
a residua-containing fuel, shale oil or a crude oil and a 
minor proportion by weight of a copolymer of ethylene 
and vinyl (or hydrocarbyl substituted vinyl) ester of a 
carboxylic acid, said copolymer having a number average 
molecular weight of above 3,000 and preferably above 
3,500. 
The residua-containing fuel is de?ned as a fuel com~ 

prising residua from the distillation of crude oil or shale 
oil or mixtures thereof. Generally the residua-containing 
fuel (hereinafter referred to simply as the ‘“fuel”) will 
contain from about 35% to 100% by weight of residua, 
and will usually have kinematic viscosities ranging from 
10 to 3,500 cs. at 100° F. However, the viscosity of some 
particularly waxy fuels may be difficult to measure ac 
curately at 100° F., and it is well known in the art that 
the viscosity of such fuels is measured by the viscosity 
at a higher temperature. The viscosity at 100° F. is then 
obtained by extrapolation using a R.E.F.U.T.A.S. vis 
cosity temperature chart. The extrapolated kinematic vis 
cosity will then fall in the desired range at 100° F. The 
R.E.F.U.T.A.S temperature viscosity chart was designed 
by C. I. Kelly, M.S.C. Tech., F.I.C., M. Inst., P.T., 
A.M.I.A.E. Copyright reserved in Great Britain and 
U.S.A. by Paird & Tatlock (London) Ltd., 14~17 Cross 
Street, Hatton Garden, London, E.C.1. Fuels having kine 
matic viscosities of between 15 and 1500 cs. at 100° F. 
are preferred, and also fuels wherein at least 60% by 
weight of the fuel boils above 500° F. at atmospheric 
pressure are particularly suitable. 
The fuels to which this invention applies include there 

fore, light, medium, heavy and bunker or furnace fuels, 
the viscosities ranging from about 15—2000 cs. at 100° F., 
but usually, however, the maximum viscosity will be about 
900 cs. at 100° F. Examples of suitable fuels are described 
in PB Industrial and Marine Fuels of BS2689: 1957. 
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Crude oils from which the fuels are derived, or shale 

oil may also be used. 
The preferred ethylene comonomers are vinyl (or by 

drocarbyl, e.g. C1 to C30 hydrocarbyl, substituted vinyl) 
esters of C1 to C30 carboxylic acids. The carboxylic acid 
is preferably aliphatic, and saturated and preferably mono 
carboxylic. Thus, one may use vinyl propionate, vinyl 
hexoate, vinyl octanoate, vinyl dodecanoate, vinyl be 
henoate, isopropenyl acetate, or octadecyl myristoate. The 
particularly preferred ester is vinyl acetate. The resulting 
polymer should contain from 95 to 40 weight percent, 
preferably 90 to 60 weight percent, of ethylene. 
One method of preparing the copolymers involves feed 

ing the monomers into a tubular reactor which has been 
previously purged with nitrogen. A small amount of 
oxygen, usually 0.005 to 0.05 wt. percent based on the 
weight of ethylene is also introduced into the reactor. Al 
ternatively a peroxide initiator, e.g. di-t-butyl peroxide, 
or a mixture of peroxide initiator and oxygen may be 
introduced into the reactor in place of oxygen alone. A 
solvent (e.g. benzene, water, saturated hydrocarbons, 
methanol) may also be employed in the reaction. The 
pressure is maintained between 60 and 2700 atmospheres 
(900 and 40,000 p.s.i.g.), preferably between 135 and 
2000 atmospheres (2,000 and 30,000 p.s.i.g.). The tem 
perature should be maintained between 40° C. and 300° 
C., preferably between 70° C. and 250° C. 

Another method of preparing the copolymers is via 
a batch process. Such a process requires a solvent for the 
reactants, the solvent being for example toluene or hexane. 
The preferred solvent however is benzene. The reaction 
initiator may be any peroxy compound, preferably di-t 
butyl peroxide. The temperature of the polymerisation 
reaction is dependent upon the particular peroxide ini 
tiator employed and should be high enough for su?icient 
decomposition of the initiator to occur. This temperature 
will usually be between 40° C. and 300° C. 
For the preferred initiator, i.e. di-tert-butyl peroxide, 

the most suitable temperature is between 130° C. and 
160° C. The pressure should be between 60‘ and 1000 
atmospheres (900 and 15,000 p.s.i.g.), and preferably 
being between 75 and 470 atmospheres (1100 and 7000 
p.s.i.g.). The autoclave or similar equipment containing 
the solvent, initiator and vinyl or hydrocarbyl substituted 
vinyl ester is purged with nitrogen and then with ethylene 
before charging with a suf?cient amount of ethylene to 
yield the desired pressure when heated to the reaction 
tempertaure. During the polymerization addition ethylene 
is added to maintain the pressure at the desired level. 
Further amounts of initiator and/ or solvent, and/ or vinyl 
and hydrocarbyl substituted vinyl ester may also be added 
during the reaction. On completion of the reaction free 
solvent and unreacted monomers are removed by strip 
ping or some other suitable process yielding the desired 
polymer. 
The copolymers useful in the invention preferably have 

a number average molecular weight from 3,000 to 60,000 
as measured by Vapour Phase Osmometry (using a 
Mechrolab’k Vapour Phase Osmometer model 301A) 
and/or Membrane Osmometry (using a Mechrolab 1 

’ Membrane Osmometer model 501). The number average 
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molecular weight of the copolymer used in this invention 
should preferably be between 4,000 and 20,000, especially 
above 5,000. It is understood that the average molecular 
weight of these copolymers will vary depending on the 
pressure, temperature and initiator concentration used 
during polymerisation. 
The proportion of copolymer used in this invention 

should preferably be between 0.001% and 10%, e.g. be 

1Heehrolab Inc., 1062 Linda Vista Avenue, Mountain View, 
Calif. 
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tween 0.005 and 0.5% by weight based on the weight of 
fuel, shale oil, or crude oil. 
The copolymer can also be applied down oil wells to 

crude oil to inhibit the formation of paraffin deposits, 
or to dissolve existing deposits on the sides of the well 
casing. The copolymer can also be added to crude oils 
or residua above ground to facilitate their movement 
through pipe lines. Thus, for example, the copolymer can 
be added to any North African crude, to lower the pour 
points so that they can be more readily pumped. 

The blending of the above-mentioned copolymers in 
fuels, crude oils etc., can be facilitated by ?rst forming 
copolymer concentrates in suitable hydrocarbon blend 
stocks. Examples of suitable solvents are those contain 
ing a high proportion of aromatic hydrocarbons, e.g. 
toluene, xylene, kerosene ‘extract, this extract being the 
highly aromatic fraction separated from a crude kerosene 
by a liquid sulphur dioxide extraction process. Further 
suitable solvents are slack waxes, which are the waxes ob 
tained without puri?cation or re?ning from lubricating 
oil dewaxing processes. Such suitable slack waxes will 
usually have melting points between 20° C. and 62° C. 
and oil contents of 5 to 50 wt. percent. 
A suitable composition of such copolymer/solvent 

blends is 5 to 50% by weight of copolymer, and 95 to 
50% by weight of solvent. Thus, for example, partic 
ularly suitable blends have been found to be a blend of 
10 to 30 e.g. 25% by Weight of an ethylene/vinyl acetate 
copolymer and 90 to 70% e.g. 75% of a slack wax or a 
kerosene extract. These compositions can be readily 
blended into fuels to the required concentrations, e.g. 
up to 1% by weight, at temperatures of about 40° C. and 
above. 
The copolymers may also be used in the fuels, crude 

oils, etc. in conjunction with other additives commonly 
used in fuels, e.g. rust-inhibitors, demulsifying agents, cor 
rosion inhibitors, anti-oxidants or dispersants, or other 
?ow improvers or pour depressants. 

EXAMPLE 1 

In this example, two copolymers were used, and added 
in different concentrations to two different fuels. 
Copolymer A was a random copolymer of ethylene 

(67 weight percent ) and vinyl acetate (33 weight per 
cent) having a number average molecular weight of 13,000 
as measured by Vapour Phase Osmometry using chloro 
form as solvent at 37° C. Copolymer B was a random 
copolymer of ethylene (82 weight percent) and vinyl 
acetate (18 weight percent) having a number average 
molecular weight of 12,000 as measured by Vapour Phase 
Osmometry using benzene as solvent at 37° C. Both A 
and B were separately blended with a slack wax so that 
the blends contained 25% by Weight of A and 25% by 
weight of B respectively. The slack wax had a melting 
point of 40° C. and contained 29 wt. percent of oil. The 
copolymer/slack wax blends were separately blended into 
two different residual-containing fuel oils C and D having 
the following characteristics. Fuel oil C contained 32% 
by weight of distillate fraction boiling between 350 and 
680° F., and 68% by weight of residuum with a boiling 
point of 680+” F., and it had a kinematic viscosity of 
43.2 cs. at 100° F. Fuel oil D had an initial boiling point 
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of 305° F. with 70% by weight boiling above 500° F. 
and a kinematic viscosity of 58.6 cs. at 100° F. 
With different concentrations of the additives in the 

fuel oils depressions of the ?ow point and upper pour 
points compared with the fuel oils containing no pour 
point depressant were measured in each case. The ?ow 
point was determined using Admiralty Method VII as 
described in DEF—2406 of July 10, 1958. The upper pour 
point was determined by Institute of Petroleum Method 
15/65. 

Copolymer 
eoneen- Upper pour 
tration, Flow point, ° F. point, ° F. 
Weight ————————— -———————~———— 

percent 0 D C D 

Additive: 
None 65 25 55 20 

O. 1 25 -—15 —25 -—15 
0. 01 30 10 —30 —25 
0. 05 20 —10 —20 —30 
O. 01 30 5 —5 — 20 

EXAMPLE 2 

A 1 gallon stainless steel magnetically stirred autoclave 
was charged with 840 ml. of benzene and then purged 
with nitrogen then with ethylene. The autoclave was then 
heated to 150° C. and pressurised with ethylene to 900 
p.s.i.g. 220 g. of vinyl acetate was then introduced via a 
metering pump over a period of 2 hours. Concurrently 
a solution of 22 g. of di-tert butyl peroxide in 66 g. of 
benzene was introduced to the reactor over a period of 3 
hours. The temperature was maintained at 150° C. and 
the pressure at 900 p.s.i.g. during the reaction. After the 
addition of the peroxide was completed the reaction mass 
was maintained at 150° C. and 900 p.s.i.g. for an addi 
tional 30 minutes. On completion of the reaction the mix 
ture was cooled and the pressure released. Free solvent and 
unreacted monomers were removed by stripping to give 
copolymer E. 

EXAMPLE 3 

Following the procedure given in Example 2, the fol 
lowing copolymers were made using the charges and 
reaction conditions given in Table I: 

TABLE I 

Polymer preparation G H I J K L 

Reaction pressure, 
p.s.i.g ______________ -. 1, 350 2, 000 3,000 3, 000 4, 000 3,000 

Reaction temperature, 
° _________________ _. 150 150 150 135 150 85 

Initial charges: 
Benzene, ml ______ __ l, 000 800 800 800 800 800 
Vinyl acetate, ml. __ 60 80 80 80 80 S0 

Feed rates, ml.,’hr 
Vinyl acetate _____ . . 170 120 140 210 250 130 
Over total time, 
hours ___________ - _ 1% 2 1% 1% 1% 1% 

Initiator __________ __ di-tert butyl peroxide (1) 
Initiator, n11 ...... ._ l 50 l 20 2 20 2 20 Z 20 3 120 
Over total time, 
hours ....... .. 1% 2% 1% 11/5 1% 13/, 

Soak time, hours _ % % % % % % 
Polymers _________ . _ H I K L 

l Lauroyl peroxide. 
2 23 wt. % di-tert butyl peroxide in benzene. 
3 13.8 wt. % lauroyl peroxide in benzene. 

The polymers prepared in Examples 2 and 3 have the 
following properties: 

POLYMER PROPERTIES 

E G H I J K L 

Polymer: 
Polymer yield, grams _______ _- 512 932 390 816 248 088 210 

lfireent vinyl aeetate_ __ _ __._ 31 26 32 10 26 19 22 

Mn 1. _ _ ._I__ _ _ ._ _______ __ _ _ _ _ 2, 400 4, 300 6, 000 7, 100 10, 000 9,000 4, 400 
Speci?c viscosity 2 ______________ __ 5 0. 17 0. 14 0.30 0. 43 0. 40 0. 72 0. 43 
Upper pour point in fuel oil O 3 4.. 55 45 35 25 15 15 20 

1 Number average molecular Weight measured in toluene solution at 37° C. using a Mechro 
lab Vapour Phase Osmometer, Model 301A. 

2 Weight/volume percent solution in toluene at 100° F. 
3 0.02 weight percent of copolymer in fuel oil C as de?ned in Example I. 
4 25 Weight percent copolymer concentrates in toluene were first prepared and these con 

centrates were used for preparing the fuel oil blends. 
b Intrinsic viscosity of 0.17, toluene at 50° C. 
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EXAMPLE 4 

Copolymers I, K and L from Example 3 were blended 
into residuum M. This residuum has an initial boiling 
point of 647° F. at atmospheric pressure and a viscosity 
at 122° F. of 121 Saybolt Furol seconds. 

COPOLYMERS IN FUEL M 

Upper 
Weight, pour 

Copolymer 1 percent point 

None_____.___.__________ 105 
_ 0. 1 90 

0. 1 95 
0. 3 80 
0. 1 95 

1 25 weight percent additive con 
centrates in toluene were used as 
in Example 3. 

EXAMPLE 5 

A 25 wt. percent concentrate of copolymer B in a slack 
wax (as described in Example I) was blended into three 
crude oils giving the following results. 

Upper Upper 
pour pour 

Crude oil point point 1 

N 70 60 
l’ 25 -—5 
Q 0 ~15 

1Of 005 weight percent 
copolymer blends. 
Norm : 
NzAn Oklahoma crude, 

Beaver County, sec. 32, ‘Mer 
cer White No. 1. 
PzTexas crude, Big Hill 

Field, Fitzburgh NO. 10. 
Qz'l‘exas crude, Anahuac 

Field, A.D. Middleton NO. 
I 23. 

What we claim is: 
1. An oil composition comprising a major proportion 

of oil selected from the group consisting of crude oil, 
shale oil, and fuel oil comprising 35-100 wt. percent 
residua from the distillation of crude or shale oil, and 
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about .001 to 10 ‘wt. percent of a pour depressing 
copolymer of ethylene and an ester selected from the 
group consisting of vinyl esters and C1 to C30 hydro 
carbyl substituted vinyl esters, of C1 to C30 saturated 
aliphatic monocarboxylic acids, said copolymer having 
a number average molecular weight in the range of about 
4,000 to 60,000 and containing about 40 to 95 wt. 
percent ethylene. 

2. A composition according to claim 1, wherein said 
oil is crude oil and said ester is a vinyl ester. 

3. A composition according to claim 2, wherein said 
molecular weight is in the range of 4,000 to 20,000. 

4. A composition according to claim 3, wherein said 
ester is vinyl acetate. 

5. A composition according to claim 1, wherein said 
oil is fuel oil having at least 60 wt. percent boiling 
above 500° F. at atmospheric pressure and having a 
viscosity between 15 and 3,500 cs. at 100° F., and said 
ester is vinyl ester. 

6. A composition according to claim 5, wherein said 
molecular weight is in the range of 4,000 to 20,000. 

7. A composition according to claim 6, wherein said 
ester is vinyl acetate and said molecular weight is above 
5,000. 
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