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1
HYDROCARBON OIL CONTAINING ETHYLENE
‘COPOLYMER POUR DEPRESSANT

This application is a continuation of Ser. 779,592,
filed Nov. 27, 1968, now abandoned.

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

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

Fuel or crude oil pour point has great practical signif-
icance. It should be beneath a minimum temperature at
which the fuel or crude oil is stored, transported and
used, in order to obviate difficulties when the fuels are
used in practice. : )

According to this invention hydrocarbon-containing
compositions comprise a major proportion by weight of
a residua-containing fuel, flash distillate fuel, shale oil
or a crude oil, and a minor proportion by weight of an
oil-soluble copolymer of ethylene and one or more sub-
stituted ethylenes, wherein if there is any saturated lin-
ear side chains present in the substituted ethylene each
of said linear side chains must contain less than 18 car-
bon atoms, provided said copolymer has a number av-
erage molecular weight of above 800, and provided
said copolymer is not a dipolymer having a number av-
erage molecular weight of above 3,000, of ethylene and
a vinyl or hydrocarbyl substituted vinyl ester of a car-
boxylic acid.

The residua-containing fuel is defined 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 10 to 100 percent, e.g.
from about 35 to 100 percent, by weight of residua,
preferably boiling above 600°F at atmospheric pres-
sure, 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 mea-
sure accurately at 100°F, and it is well known in the art
that the viscosity of such fuel is measured by the viscos-
ity at a higher temperature. The viscosity at 100°F is
then obtained by extrapolation using a REF.UT.AS.
viscosity temperature chart. The extrapolated kine-

matic viscosity 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., AM.LAE. Copyright reserved in Great
Britain and U.S.A. by Baird & Tatlock (London) L.,
14-17, Cross Street, Hatton Garden, London, E.C.1.
Fuels having kinematic viscosities of between 15 and
1500 ¢S at 100°F are preferred, and also fuels wherein
at least 30 percent, preferably at least 60 percent by
weight of the fuel boils above 500°F at atmospheric
pressure are particularly suitable.

The fuels to which this invention applies include
therefore, light, medium, heavy and bunker or furnace
fuels, the viscosities ranging from about 15-2,000 cS$ at
100°F, but usually, however, the maximum viscosity
will be about 1,500 cS at 100°F, Examples of suitable
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fuels are described in Pt 3 Industrial and Marine Fuels
of BS2689:1957.

Suitable fuels also include ‘“flash-distillate fuels”
which are defined as those distillate fuels obtained by
the flash distillation at reduced pressure of the residue
obtained from the distillation of crude oil at atmo-
spheric pressure. Such fuels are prepared by distilling
under atmospheric pressure a crude oil to a bottom
temperature of approximately 350°C thereby obtained
an atmospheric residue which is then divided by “flash-
ing” under greatly reduced pressure, into a *“flashed”
distillate and a vacuum residue. In “flash” distillation,
preheated feed is continuously introduced into a
*“flash” chamber, where evaporation occurs under con-
stant equilibrium conditions. Gaseous and liquid prod-
ucts are continuously removed. Fractionation plays no
significant part in .“flashing”. Temperature at which
“flashing” is conducted is limited by potential cracking
and carbonization. These side reactions begin to set in
if temperatures exceed 400°C. “‘Flashing” is conducted
at greatly reduced pressure, in order to secure high dis-
tillate yield from a given atmospheric residue.

Crude oils from which the fuels are derived, or shale
oil or mixtures may also be used. The crude oil may be
a waxy crude oil, and usually the pour point of such
crude oils is greater than —10°F.

The substituted ethylene is preferably an ethyleni-
cally unsaturated acid, or a salt thereof, an anhydride,
an ester of an unsaturated carboxylic acid, amine, hy-
droxy compound, nitrile, amide or imide, all of which
must be compounds wherein if there is any saturated
linear side chains therein each linear side chain has less
than 18 carbon atoms. These substituted ethylenes
preferably contain from 3 to 40 carbon atoms per mol-
ecule.

Thus, suitable ethylenically unsaturated monocar-
boxylic acids include acrylic acid, methacrylic acid,
vinyl acetic acid, angelic acid, tiglic acid, undecylenic
acid, oleic acid, elaidic acid. Suitable ethylenically un-
saturated dicarboxylic acids include maleic acid, fu-
maric acid, mesaconic acid, citraconic acid, itaconic
acid, trans-and cis-glutaconic acids, Other ethylenically
unsaturated polybasic acids, e.g. cis- and trans-aconitic
acids may be used.

Examples of suitable esters of unsaturated acids, e.g.
those mentioned above are the C, to C,; alkyl esters
(preferably straight chain alkyl esters and lower alkyl-
esters) of the above acids; either mono or di-esters of
unsaturated dicarboxylic acids may be used. Branched
chain esters, e.g. Oxo esters of ethylenically unsatu-
rated esters may also be used provided that they do not
contain any linear side chains containing more than 17
carbon atoms. Thus the methyl, ethyl, butyl, isopropyl,
n-butyl, n-octyl 2-ethyl hexyl, decyl, dodecyl, hepta-
decyl esters of acrylic or methacrylic acids or the mono
or di- methyl, ethyl, n-butyl, hexy! or dodecyl esters of
fumaric, maleic or citraconic acids may be used.

Suitable ethylenically unsaturated amides include
those corresponding to the acids mentioned above, i.e.
both mono- and poly-amides; whereas suitable anhy-
drides and imides are those (where they exist) corre-
sponding to the above-mentioned acids. Suitable salts
may be the ammonium or metal, e.g. sodium or potas-
sium, salts of the above acids. Thus, for example, one
may use maleic anhydride, maleimide, acrylamide,
methacrylamide, citraconamides, itaconamide, n-alkyl
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v malelmldes containing up to 17 carbon atoms in any
linear side chain.

Examples of suitable ethylenically unsaturated hy-
droxy compounds include monohydric alcohols, poly-
ols, and phenolic compounds. Thus, examples of suit-
able monchydric alcohols are allyl alcohol, but 1-ene-
i-0l, hex-2-ene-1-ol, hydroxyethyl methacrylate, eicos-
4-ene-1-ol, I-methyl-hex-2-ene-1-ol, 7-methyleicos-
2-ene-1-0l, or 1-1 dimethyl-hex-2-ene-1-of; diols in-
clude but-2-ene-1, 4-diol. Examples of suitable phenols
include phenols having an unsaturated side chain, e.g.
para ailyl phenol (chavicol).

Suitable ethylemcally unsaturated amines and nitriles
include allyl amine, allyl cyamde {-amino-but-2-ene,
{-amino-hex-5-ene, 1-amino-nonadecen-18-ene, 1,-
amino-but-3-ene, dimethylaminoethyl methacrylate,
dimethylaminomethylacrylates, diethylaminomethyl-
methacrylate, acrylonitrile, methacrylonitrile.

Other suitable examples of the substituted ethylene
include an alpha-olefin, an alkenyl alkyl ether, styrene
or a hydrocarbyl substituted styrene, alkenyl halides
(e.g. a vinyl or allyl halide), an unsaturated aldehyde,
or an unsaturated ketone. Examples of alpha-olefins
are prop-l-ene, but-l-ene, hex-1-ene, dec-lene, and
dodec-1-ene, nonadec-1-ene, whereas examples of suit-
able alkenyl alkyl ethers are vinyl methyl ether, vinyl
ethyl ether, vinyl n-octyl ether, vinyl-n-heptadecyl
ether, allyl methyl ether, allyl n-hexyl ether, allyl n-
heptadecyl ether.

Suitable hydrocarbyl substituted styrenes include
alkyl (e.g. methyl -or ethyl) substituted styrenes
wherein the substituents are in the benzene ring or at-
tached to the alpha carbon atom of the vinyl group ad-
jacent to the benzere ring; e.g. a-methyl styrene,
a-ethyl styrene, p-methyl styrene, p-ethyl styrene, p-n-
heptadecyl styrene.

Examples of vinyl or aliyl halides are vinyl chloride,
vinyl bromide, ally! chloride.

Suitable unsaturated aldehydes and ketones include
acrolein, methyl vinyl ketone, mesityl oxide, ethyl vinyl
ketone, n-heptadecyl vinyl ketone, cinnamaldehyde.

Further examples of substituted ethylenes are unsatu-
rated esters of saturated carboxylic acids (provided
that if there are any linear side chains present therein
each linear side chain must contain less than 18 carbon
atoms). These include the vinyl or allyl esters of C, to
C,s monocarboxylic acids, e.g. vinyl acetate, ally ace-
tate, allyl propionate, vinyl butyrate, allyl stearate, iso-
propenyl acetate. With regard to these unsaturated es-
ters of saturated carboxylic acids if the number average
molecular weight of the copolymer is above 3,000,
such esters must be co-polymerised not only with ethyl-

ene but also with another monomer which is not a vinyl”

or hydrocarbyl substituted vinyl ester of a carboxylic
acid e.g. any of the previously mentioned monomers,
i.e. the ester is a third co-monomer.

Other examples of substituted ethylenes which may
be used are:- vinyl substituted heterocyclics, e.g. N-
vinyl pyrrolidone, vinyl pyridine, N-vinyl carbozole;
vinyl derivatives of silicones and phosphorus com-
pounds, e.g. di-ethoxy vinyl silane, di-ethyl vinyl phos-
phonate; vinyl isothiocyanate; hydrocarbyl vinyl sul-
phides, sulphoxxdes and sulphones or-vinylene carbon-
ate.

Ethylene may of course be copolymensed wnth two
or more of any of the above mentioned monomers; e.g.
vinyl acetate with acrylic acid, methacrylic acid, their
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metal salts amides or nitriles; a vinyl halide with vinyl
methyl ether or :acrylic acid; or N-vinyl pyrrolidone
with methyl vinyl ketone or vinyl methyl ether.

The resulting polymer should contain from 99 to 82
mole percent, preferably 97 to 86 mole percent of eth-
ylene. _

One method of preparing the copolymers involves
feeding 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 reac-
tor. Alternatively 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, heptane, cyclo-
hexane, acetone, methanol, t-butyl alcohol) may also
be employed in the reaction. The pressure is main-
tained between 60 and 2,700 atmospheres (900 and
40,000 p.s.i.g.), preferably between 135 and 2,000 at-
mospheres (2,000 and 30,000 p.s.i.g.). The tempera-
ture 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,
hexane, benzene, acetone, cyclohexane, t-butyl alco-
hol, water. The reaction initiator may be any peroxy
compound, e.g. di-t-butyl peroxide, lauroyl peroxide,
or azo compounds e.g. azobisisobutylonitrile. The tem-
perature of the polymerisation reaction is dependent

-upon the particular peroxide initiator employed and

should be high enough for sufficient decomposition of
the initiator to occur. This temperature will usually be
between 40°C and 300°C. For di-tert-butyl peroxide,
the most suitable temperature is. between 130°C and
160°C, whilst for lauroyl peroxide the most suitable
temperature is between 60° and 120°C. The pressure
should be between 60 and 1,000 atmospheres (900 and
15,000 p.s.i.g.), and preferably being between 75 and
667 atmospheres (1,100 and 10,000 p.s.i.g.). The auto-
clave or similar equipment containing the solvent, initi-
ator and substituted ethylene is purged with nitrogen
and then with ethyiene before charging with a sufficient
amount of ethylene to yield the desired pressure when
heated to a reaction temperature. During the polymer-
ization additional ethylene is added to maintain the
pressure at the desired level. Further amounts of initia-
tor and/or solvent, and/or substituted ethylene may
also be added during the reaction. On completion of
the reaction free solvent and unreactéed monomers are
removed by stripping or some other suitable process
yielding the desired polymer.

The copolymers useful in the invention may have a
number average molecular weight from 1,000 to
60,000 e.g. above.3,000 or above 3,500 as measured by
Vapour Phase Osmometry (using a Mechrolab* Va-
pour Phase Osmometer model 301A) and/or Mem-
brane Osmometry (using a Mechrolab* Membrane Os-
mometer model 501). The number average molecular
weight of the copolymer used in this invention should
preferably be between 1,500 and 30,000, particularly
4,000 to 20,000, It is understood that the average mo-
lecular weight of these copolymers will vary depending
on the pressure, temperature and initiator concentra-
tion used during polymerization.

*Mechrolab Inc., 1062 Linda Vista Avenue, Mountain View, Califor-
nia.
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The proportion of copolymer used in this invention
should preferably be between 0.0001 and 10 percent,
e.g. between 0.0005 and 0.5 percent by weight based
on the weight of residual fuel, shale oil, crude oil or
flash distillate. ’

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 in this application can be ap-
_plied either continuously or discontinuously to the oil
well. 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.

These copolymers also find application in certain
fuels such as light oils where their presence reduces the

size of wax particles which separate out. Thus certain’

grades of fuel such as light fuel oils develop problems
due to “waxing.” The wax which is present as the solid
phase in such fuels at normal storage temperatures

5

20

slowly agglomerates, and particles of such a size that -

they block filters prior to the burner are formed, thus
resulting in loss of fuel flow to the burner and flame-
out. The copolymers described in this invention when
applied to the fuels and crude oils as herein described
reduce the size of wax particles thus allowing them to
pass more readily through filters. _

The blending of the above-mentioned copolymers- in
fuels, crude oils, etc., can be facilitated by first forming
copolymer concentrates in suitable hydrocarbon blend
stocks, or water emulsions. Examples of suitable sol-
vents are those containing a high proportion of aro-
matic hydrocarbons, €.g. toluene, xylene, kerosene ex-
tract, this extract being the highly aromatic fraction
separated from a crude kerosene by a liquid sulphur di-
oxide extraction process. Further suitable solvents are
slack waxes, which are the waxes obtained without pu-
rification or refining from lubricating oil dewaxing pro-
cesses. Such suitable slack waxes will usually have
melting points between 20°C and 62°C and oil contents
of 5 to 50 wt. percent.

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,
corrosion inhibitors, anti-oxidants or dispersants, or
other flow improvers or pour depressants.

EXAMPLE |

" Copolymers of ethylene and substituted ethylenes
were prepared by the following procedure:

A 1 litre stainless steel magnetically stirred autoclave
was charged with benzene and then purged with nitro-
gen and thereafter with ethylene. The autoclave was
then heated and pressurised with ethylene. A small
quantity of the substituted ethylene was then intro-
duced into the autoclave via a metering pump. A solu-
tion of 12.5 wt. percent of lauroyl peroxide in benzene
was introduced to the autoclave over a period of time.
Concurrently a further quantity of the substituted eth-
ylene was introduced over a period of time into the au-
toclave. The temperature and pressure of the autoclave
was kept substantially constant during the reaction.
After addition of the peroxide was completed the reac-
tion mixture was then cooled and the pressure released.

Free solvent and unreacted monomers were removed.

by stripping to give the desired copolymers.
Precise reaction conditions for each copolymer are
given in Table I.
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TABLE 1.—COPOLYMERISATION REACTION CONDITIONS

Wt.
percent of

comonomer
in copolymer

i

. oil

Crude

»

Pour point, ° F.
fuel

Residual

per
ht

R
f%el
+25
+30
30
+25

Yield

Hours copolymer, g.

Ml

Catalyst addition
Q.
Hours added 2

added

G.
originally

Ethylens
pressure,
kg./em.s

3

solvent Tem
(ml.) °C
82
82
82
79
79
110
79
66
71
82
82

Benzene

M.W.1of
copolymer
3,4
4,
3
2,
2,
7,
3,
3,
1,

53
36

49

9.4

{
{

Methylvinyl Ketone. ..o ool i

ge molecular weight determined at 130°

percent solution of lauro

320 wt. percent solution of N-vinyl c:

? Ethylene comonomer

© Ethylvinylether..__._.._..__....._..
N-vinyl pyrrolidone.. .. ..oo__.._....

. Bthylaerylate....___. . __________.

. Di-n-butyl fumarate____._______._.._.._.
N-vinyl carbazole_. ... __.____ o _oco_..

Ayl aleohole ool

C. using o-dichlorobenzene as solvent.

ene.

y1 peroxide in benz
arbazole in henzene.

1 Number avera;
2 0f 12.5 wt.
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Some of the copolymers were added at 0.1 wt. per-
cent concentration to a light fuel oil containing residua
having an upper pour point of 50°F (determined by In-
stitute of Petroleum Method 15/67), a viscosity of 26.7
¢S at 122°F and 43.7 ¢S at 100°F, a carbon content of

86.3 wt. percent and a hydrogen content of 12.4 wt. ‘

percent and a specific gravity at 15°C of 0.921.
The upper pour point as determined by the Institute

of Petroleum Method 15/67 was measured for eqch‘

8

EXAMPLE Il

Some commercially available ethylene/ethyl acrylate
and ethylenefisobutyl acrylate copolymers available
from Dow Chemical Company were added at 0.02 wt.
percent concentration to the light fuel oil described in
Example 1. The results given in Table I below show
that the upper pour points of the blends of fuel oil and

copolymer are lower than that of the fuel oil alone
BO°F). .

TABLE Il
Copolymer Copolymer Melt Wit% of acrylate  Upper
Trade Name Index copolymer Pour Point
F (1)

Zetafex 1170 . ethylene/ethyl 25 30 + 15

. acrylate
Zetafex 1270 ethylene/isobutyl 2.5 20 +15
' acrylate
Zetafex 1275 ethylene/iscbutyl 20 20 . 20 _

’ " acrylate T

{1) By Institute of Petroleum Method 15/67.

blend of copolymer and light fuel oil. -

The results are given in Table I, and it is seen that the
upper pour point of the light fuel oil/copolymer blend
is reduced in each case from the upper point of 50°F for
the fuel oil alone.

Some of the copolymers were added at 0.15 wt. per-
cent concentration to a residual fuel prepared from a
North African crude oil by distillation to a final vapour
temperature at 710°F. This fuel had an upper pour
point of +110°F as determined by Institute of Petro-
leum Method 15/67, a viscosity of 325.5 ¢S at 122°F,
a carbon content of 86.6 wt. percent and a hydrogen
content of 12.8 wt. percent. The kinematic viscosity of
this fuel could not be determined at 100°F. It consisted
of 100 percent of residua.

Some of the copolymers were added at 0.05 wt. per-
cent concentration to a North African crude oil with an
upper pour point of 35°F, a gravity (° API) of 40.2 and
a kinematic viscosity at 100°F at 3.6 cS.

The results of these residual fuel or crude oil blends

-are also given in Table I, and it is seen that the upper
pour point of the residual fuel/copolymer and crude
oil/copolymer blends are reduced in each case from the
upper pour points of 110°F and 35°F (as determined by
the Institute of Petroleum Method 15/67).
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‘EXAMPLE I

Various ethylene/substituted ethylene copolymers
were prepared in a stirred autoclave essentially by the
method described in Example I and added to the light
fuel oil and residual fuel described in Example I and to
a crude oil having an upper pour point of +75°F, a vis-
cosity of 5.73 ¢S at 122°F and an extrapolated viscosity
at 100°F of 7.56 cS, and containing 86.5 wt. percent
carbon and 13.1 wt. percent hydrocarbon.

The upper point of the residual fuel and crude oil be- -
fore and after addition of the copolymer was measured
by Institute of Petroleum Method 15/67. The pour
point of the light fuel oil before and after addition of
the copolymer was determined by a modified method.
In this modified pour point method a sample of fuel was
heated to 200°F, removed from the bath and allowed
to cool to 120°F. This sample was then placed in a cool-
ing bath at a temperature of —30°F and cooled to 0°F.
‘The sample was then removed from this bath, reheated
to 200°F using'a 205°F bath, and after remainingsat this
temperature for % hour it was removed and allowed to
air cool to 90°F. This sample was then placed in a bath
held at 30°F, and the pour point was then determined
according to Institute of Petroleum Method 15/67. The
pour point of the light fuel oit using this modified pour
point procedure was +35°F. .

The reaction conditions and pour point readings are
given in Table IIL. .
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EXAMPLE IV

Preparation of Copolymers
Five different ethylene/vinyl acetate/methacrylic

12

25 wt. percent copolymer concentrates in toluene
were prepared using the above described copolymers 1
to 5, and these concentrates were used to prepare fuel
oil blends in the light fuel oil and residual fuel de-

acid copolymers were prepared, each by a batch pro- 5 . .
cess, using differing amounts of vinyl acetate and meth- scribed in Example 1. .
ac ,lic acid With different concentrations of polymers 1, 2, 3, 4
vy ’ A and 5 in the fuel oils depressions of the upper pour
A 1 litre stainless steel magnetically stirred autoclave point (as determined by Institute of Petroleum Method
was charged with 150 ml. of benzene and 15 ml. of a ;¢ 15/67) compared with the fuel oils containing no pour
mixture of 99.5 volume percent of vinyl acetate and 0.5 point depressant were measured in each case (Table
volume percent of methacrylic acid. The autoclave was V). e e e
‘ ) TABLE V
Light Fuel Oil Residual Fuel
Additive Additive Upper Additive Upper
Concentration Pour Concentration Pour
(Weight %) Point (Weight %) Point
F) (°F)
. None - .50 — 100
Copolymer 1 0.02 —25 0.15 90
Copolymer 2 0.02 5 0.15 85
Copolymer 3 0.02 15 G.15 75
Copolymer 4 0.02 25 C.15 80
Copolymer § 0.02 50 .15 85
then purged with nitrogen, and then with ethylene, 'EXAMPLE V

‘after which the autoclave was heated to 175°F and
pressurised with ethylene to 200 atmospheres. 150 mi.
of a mixture of 99.5 volume percent of vinyl acetate
and 0.5 volume percent of methacrylic acid was intro-
duced via a metering pump over a period of 6 hours.
Concurrently a solution of 8g. of lauroyl peroxide in 92

ml. of benzene was introduced into the reactor over a.

perlod of 6% hours. The temperature was mamtamed
at 175°F and the pressure at 200 atmosphe@_s_ dqﬂng
the reaction. On completion of the addition of the ,1?{“;
royl peroxide the reaction mass was cdoled 1 and tﬁé
pressure released. Free solvent and unreacted mono-

mers were removed by strlppmg to gwe copolymer 1

Copolymers 2,3, 4 and 5 were prepared follo;l—rig the
same procedure using the charges and reaction condi-
tions given in Table IV.

30

35

40

In this example, four copolymers were used, and
added in different concentrations to two different fuels
and one crude oil.

The four copolymers were random ethylene/vinyl
acetate/methacryhc acid copolymers with the proper-
tles listed in Table VI. '

TABLE VI

Properties of ethylene/vinyl acetate/methacrylic acid copolymers
" % Vinyl % Methacrylic
Copolymer M. Wt Acetate Acid
6 27000 28 i
7 11,0002 25 i
8 18,0600 25 1.3
9 26,0001V 25 t

Notes to Table Vi

 Molecular weight determined in toluene at 65°C using a Mechrolab membrane
osmometer model 501.
" Molecular weight determined in toluene at 37°C using a Mechrolab vapour

a. 45 phase osmometer model 301A.

TABLE IV

Polymer Preparation 1 2 3 4 5
Reaction Pressure (Atmospheres) 200 —
Reaction Temperature (°F) 175 ——
Initial Charges

enzene (ml) 150
Vinyl Acetate/Methacrylic Acid

(vol. %) 99.05/0.5 99/1 98/2 97/4 90/10
Vinyl Acetate/Methacrylic Acid

(ml) T 15 —
Feed Rates ’
mel Acetate/Methacrylic Acid ,

(ml/hr) 25 ~
Qver total time (hrs) . 6 -
Initiator fauroyl peroxide
Initiator (ml/hr)* ' 6 e ey
Over total time (hrs) 6% . PO
Yield {g.) 80 132+ 125 97 78
Polymers 1 2 3 4 5

, *mifhr of 12%wt.% solution of lauroyl peroxide in benzene. Copolymers 1, 2, 3, 4 and 5 had the following properties.

[

‘ Polymer Properties

Copolymer i 2 3 4 5
% Vinyl Acetate as 24 26 29 38
% Methacrylic Acid 0.5 1.2 24 38 10

t

25 wt. percent copolymer concentrates in kerosene
extract were prepared, and these concentrates were
used to prepare fuel oil blends in the hght fuel oil and
residual fuel described in Example | and in a crude oil
(Table VII).



3,841,850

13

The crude oil was a North African crude with an
upper pour point of 35°F (as determined by Institute of
Petroleum Method 15/67), it had a gravity ° API of
40.2 and a kinematic viscosity at 100°F of 3.6 cS.

14

erage molecular weight in the range of about 4,000 to
about 20,000 and having pour point depressing ability
in said oil, said copolymer comprising a lower alkyl

- ester of an unsaturated mono- or dicarboxylic acid and

TABLE VII

. Light Fuel Residual Fuel Crude Oil
Additive Additive Upper Additive Upper Additive Upper
Concentration Pour Concentration Pour Concentration Pour
(Weight %) Point (Weight %) Point (Weight %) Point
(°F) (°F) (°F)
None — 50 50 110 — 35
. Copolymer 6 0.02 20 0.15 55 0.01 ~10
Copolymer 7 — — 0.15 55 0.01 0
Copolymer 8 - 0.02 5 0.15 35 0.0t -15
. Copolymer 9 0.02 20 0.15 75 0.01 =5

Summarising, the preferred type of comonomer
which may be used in the compositions of the invention
are those of the formula

R(R,C = CR4R,
where R, and R; are hydrogen or C, to C,, hydrocarbyl,
preferably alkyl

R, is —COOH, —COOR;, —OR;, —COR;, —SR,;,

—Ry or —R;. ’

R; is hydrocarbyl such as alkyl, or alkaryl, provided

that any saturated linear side chain present therein
contains less than 18 carbon atoms.

R, is R,. R,, —CONR,R;, —CH,OH,
—CH,NRR;, halogen, or —NCO.

What is claimed is:

1. A hydrocarbon-containing composition compris-
ing a major proportion by weight of oil selected from
ithe group consisting of crude oil and fuel oil of which
‘at least 60 percent by weight boils above 500°F. at at-
mospheric pressure, said fuel oil being selected from
the group consisting of a residua-containing fuel, and
a flash distillate fuel, and 0.0005 to 0.5 percent by
-weight of an oil-soluble copolymer having a number av-

—CN,

.20

25

30
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about 86 to about 97 mol percent ethylene.

2. A composition according to claim 1, wherein said
lower alkyl group is selected from the group consisting:
of methyl, ethyl, isopropyl, butyl, n-octyl, and 2-ethy!
hexyl groups and said acid is acrylic acid or methacrylic
acid.

3. A composition as claimed in claim 1, wherein said
oil is a residua-containing fuel of about 35 percent to
100 percent by weight residua.

4. A composition according to claim 1, wherein said
oil is crude oil. ’

S. A composition according to claim 1, wherein said
acid is a monocarboxylic acid.

6. A composition according to claim 1, wherein said
acid is an acrylic acid. :

7. A composition according to claim 1, wherein said
acid is a dicarboxylic acid.

8. A composition according to claim 1, wherein said
acid is fumaric acid.

9. A composition according to claim 1, wherein said

copolymer consists only of said ethylene and ester.
* %k % * %



