
-9- per hour, and that the ratio of the predetermined molar amount of
(meth)acrylate to the predetermined molar amount of maleic anhydride is in
the range from 1:1 to 1:5. The n-(C8-C30-alkyl) (meth)acrylates used in the
process of 5 the present invention are known compounds or can be prepared
by processes analogous to known processes.  Thus, the (meth)acrylates may
conveniently be prepared by an esterification process in which
(meth)acrylic acid is heated together with one or more [err] n-alkanols in
an azeotropic solvent such as toluene, in the 10 presence of an
esterification catalyst, e.g. p-toluenesulphonic acid, and a polymerisation
inhibitor, e.g. copper (II) acetate, with removal of water. The
esterification reaction is typically carried out at a temperature in the
range from 70 to [err] under 20 kPa vacuum. 15        Preferred
(meth)acrylates are those prepared from [err] n-alkanols, e.g. 1-dodecanol,
or a mixture of [err]   n-alkanols which is available from member companies
of the Royal Dutch/Shell Group under the trade mark "DOBANOL 25", or a
mixture of [err] n-alkanols which is available from Sidobre Sinnova
(France) as 



20 "Behenyl Alcohol X5". Examples of radical-forming initiators include
benzoyl peroxide, di-tert-butyl peroxide, acetyl peroxide, acetyl benzoyl
peroxide and [err]  Further examples of radical-forming initiators are
mentioned in EP-A-485 773. 25        The radical-forming initiator is
conveniently used in an amount from 1 to 10 mol%, preferably from 1 to 5
mol%, and most preferably from 1.5 to 3 mol%, based on (meth)acrylate. The
radical-forming initiator may be added as a single portion, or,
alternatively, may be divided into two or more portions which are 30 added
at different stages during the course of the reaction. The initiator is
conveniently added in two portions, the first portion containing 65 to 75%,
and the second portion containing 25 to 35%, of the total intake of
initiator. The process of the invention is conveniently carried out in 35
the presence of a solvent. Suitable solvents include hydrocarbons    * 



- 10 - such as toluene, xylene, ethylbenzene, hexane, octane, cyclohexane
and those sold by member companies of the Royal Dutch/Shell group under the
trade mark "SHELLSOL"; and ethers, particularly tetrahydrofuran and dioxan.
The reaction is carried out at a 5 temperature preferably in the range from
60 to 90[err]C, more preferably from 70 to 80[err]C. In the process of the
invention, a predetermined molar amount of at least one n-(C8-C30-alkyl)
(meth)acrylate is dosed to a predetermined molar amount of maleic anhydride
at a dosage rate of 10  20 to 100 mol%, preferably 40 to 80 mol%, and
especially 60 mol%, (meth)acrylate per hour. The ratio of the predetermined
molar amount of (meth)acrylate to the predetermined molar amount of maleic
anhydride is in the range from 1:1 to 1:5, preferably from 1:1 to 1:3, more
preferably 15  from 1:1 to 1:1.5, and is especially 1:1. The number average
molecular weights (M ) of the copolymers of n the present invention
obtained by the above process may vary within wide limits.  For example,
the copolymers may have number average 



molecular weights up to 100,000, e.g. in the range from 500 to 20  100,000,
preferably from 1,000 to 50,000, more preferably from 1,000 to 35,000,
still more preferably from 1,000 to 20,000, and advantageously from 4,500
to 10,000. Such number average molecular weights may conveniently be
determined by gel permeation chromatography (GPC) against polystyrene
standards. 25        The copolymers of the present invention are useful as
additives in hydrocarbon oils such as gas oils, diesel oils, fuel oils,
lubricating oils and crude oils. Particularly advantageous results are
obtained when the copolymers are used in gas oils and crude oils. Thus, the
present invention further provides a 30  hydrocarbon oil composition
comprising a major amount of a hydrocarbon oil and a minor amount of a
copolymer according to the invention. The copolymer is used in an amount of
0.1 to 10,000 mg per kg hydrocarbon oil. Preferably 1 to 5,000, more
preferably 10 to 3,000, and in particular 20 to 2,000, mg copolymer per kg
35  hydrocarbon oil are used.    



- 11 - The hydrocarbon oil compositions may, depending on their end-use,
contain various other additives such as dispersants, detergents, corrosion
inhibitors and viscosity-index improvers. The present invention still
further provides the use of a 5 copolymer of the invention as a flow
improver additive. The present invention will be further understood from
the following illustrative examples. Example 1 10  Preparation of a highly
alternating copolymer of C   [err]  -alkyl acrylate and maleic anhydride
9.8 g (0.1 mol) maleic anhydride (MALA) and 50 g toluene were introduced
into a double walled glass reactor equipped with an overhead stirrer, an
argon inlet, a condenser and an inlet 15  connection for a perfusion pump.
The reactor was purged with argon and a slight flow of argon was maintained
throughout the entire reaction. The mixture in the reactor was heated, with
stirring, to a temperature of about 80[err]C by circulating silicon oil
from a thermostatted bath.  When all the maleic anhydride had melted and 20
dissolved, a portion of g,o'-azoisobutyronitrile (AIBN) in toluene 



was introduced into the reactor using a syringe.  This portion consisted of
75% of the total AIBN intake of 0.24 g (1.5 molt based on acrylate intake)
in 5.4 g toluene. 100 ml of a solution of 26.1 g (0.1 mol) [err]-alkyl 25
acrylate (being the reaction product of acrylic acid and a mixture of [err]
n-alkanols available from member companies of the Royal Dutch/Shell Group
under the trade mark "DOBANOL 25") in toluene was subsequently dosed to the
reaction mixture over a period of 100 minutes (molar ratio acrylate:MALA of
1:1; dosage rate of 60 molt 30   acrylate per hour).  On completion of the
acrylate addition, the remaining portion of AIBN solution (25%) was
immediately introduced into the reactor and the reaction was left to
continue for a further 4 hours. On cooling to below 60[err]C, the crude
reaction product containing the highly alternating copolymer of 35
[err]-alkyl acrylate and maleic anhydride was collected and    - 12 -
analysed by gel permeation chromatography (GPC) against polystyrene 



standards. The copolymer was found to have a number average molecular
weight (M ) of 7,700. Purification of the crude product by dialysis
followed by analysis by Nuclear Magnetic Resonance 5   (NMR) revealed the
degree of alternation in the copolymer to be 90%. Example 2 Example 1 was
repeated with the following exceptions: 9.8 g maleic anhydride in 20 g
toluene was used and the C12-C 5-alkyl 10   acrylate was replaced by
C12-alkyl acrylate (molar ratio acrylate: MALA of 1:1).  The copolymer of
C12-alkyl acrylate and maleic anhydride obtained had M  4,900 (determined
by GPC on the crude n product) and a degree of alternation of 100%
(calculated on the purified product). 15   Example 3 Example 1 was repeated
with the following exceptions: 9.8 g maleic anhydride in 20 g toluene was
used and the C  -C  -alkyl 12 acrylate was replaced by [err] alkyl acrylate
(being the reaction production of acrylic acid and a mixture of C 16-C24
alcohols 



20   commercially available from Sidobre Sinnova (France) as "Behenyl
Alcohol X5"). The molar ratio acrylate:MALA was 1:1. The copolymer of
C16-C24-alkyl acrylate and maleic anhydride obtained had Mn 9,000
(determined by GPC on the crude product) and a degree of alternation of
100% (calculated on the purified product). 25 Comparative Example A A
copolymer of C       [err]alkyl acrylate and maleic anhydride was prepared
in accordance with the teaching of US Patent No. 4,663,491. Thus, 9.8 g
(0.1 mol) maleic anhydride (MALA), 104.4 g (0.4 mol) of the C12-C15- alkyl
acrylate described in Example 1 30   above (molar ratio acrylate:MALA of
4:1) and 114 g toluene were introduced into a reaction flask and the
contents heated, with stirring, to 85C in an inert argon atmosphere. A
solution of    - 13 0.3 goi,i'-azoisobutyronitrile (AIBN) in 6 ml toluene
was divided into 6 portions and the individual portions were added to the
reaction mixture at half hourly intervals. The total reaction time 



was 4 hours. Once cooled, the crude reaction product containing a 5
copolymer of C12-C 15-alkyl acrylate and maleic anhydride was collected and
analysed by gel permeation chromatography (GPC) against polystyrene
standards. The copolymer was found to have a number average molecular
weight (M ) of 23,700. Purification of n the crude product by dialysis
followed by analysis by Nuclear 10  Magnetic Resonance (NMR) revealed the
degree of alternation in the copolymer to be 34%. Comparative Example B The
procedure described in Comparative Example A was repeated except that the
molar ratio acrylate:MALA was 1:1 and only 36 g 15   toluene were used.
The copolymer of C   C  -alkyl acrylate and 12  15 maleic anhydride
obtained had M  9,450 (determined by GPC on the crude product) and a degree
of alternation of 78% (calculated on the purified product). Comparative
Example C 20        In a manner analogous to the procedure of Example 2 in
US Patent No. 4,663,491, 65.25 g (0.25 mol) C12-C5- alkyl acrylate as 



described in Example 1 above and 24.5 g (0.25 mol) maleic anhydride (MALA)
(molar ratio acrylate:MALA of 1:1) were placed in a reaction flask and
heated to 85C in a nitrogen atmosphere. At that 25   temperature, 0.15 g of
,y'-azoisobutyronitrile (AIBN) in 3 ml toluene was added and a temperature
increase was observed. After cooling to 95[err]C, further amounts of AIBN
were added in five metered portions until a total of 0.75 g AIBN dissolved
in 15 ml toluene had been consumed. The total reaction time was 4 hours.
Once 30   cooled, the crude reaction product containing a copolymer of
[err] [err] alkyl acrylate and maleic anhydride was collected and analysed
by gel permeation chromatography against polystyrene standards. The
copolymer was found to have a number average    - 14 - molecular weight
(MN) of 12,500. Purification of the crude product n by dialysis followed by
analysis by Nuclear Magnetic Resonance (NMR) revealed the degree of
alternation in the copolymer to be 



80%. 5  Example 4 Solutions of the copolymers of Examples l to 3 and of
Comparative Examples A to C in toluene (50% by weight) were incorporated
into seven gas oils (a,bc,d,e,f and g) preheated to 50[err]C and the pour
points (PP) and/or cold filter plugging points I0   (CFPP) of the resulting
compositions were determined according to standard test methods ASTM D97-66
and IP 309/83 respectively. The PP and CFPP values obtained are shown in
Table I below. In this table, the amount of copolymer solution added to the
gas oil is expressed as mg polymer solution per kg gas oil ("Solution
mg/kg"). 15        Gas oil a was a French industrial gas oil having density
at 3                               2 15[err]C of 870 kg/m , viscosity at
40[err]C of 3.65 mm /s, sulphur content of 0.3%w and a boiling point range:
10% - 184[err]C, 50% - 272[err]C and 90% - 368C. Gas oil b was a French
industrial gas oil having density at 3                               2 20
15[err]C of 843 kg/ml, viscosity at 40[err]C of 3.54 mm /s and sulphur
content of < 0.3%w. 



Gas oil c was a French industrial gas oil having density at 3
2 15[err]C of 853 kg/m , viscosity ato 40[err]C of 3.82 mm /s and sulphur
content of < 0.3%w. 25        Gas oil d was a French automotive gas oil
having density at 3 15C of 841 kg/m , viscosity at 40C of 3.46 mm /s and
sulphur content of < 0.5%w. Gas oil e was a Danish automotive gas oil
having density at 3                               2 15C of 842-kg/m[err],
viscosity at 40C of 2.92 mm /s, sulphur content 30   of 0.002%w and a
boiling point range: 10% - 180C, 50% - 249C and 90% - 319[err]C. Gas oil f
was a German automotive gas oil having density at 3
2 15[err]C of 836 kg/ml , viscosity at 40[err]C of 3.17 mm /s, sulphur
content    - 15 - 



of 0.11%w and a boiling point range: 10% - 204C, 50%   259C and 90% - 324C.
Gas oil g was a Swedish automotive gas oil having density at 15C of 801
kg/m[err], viscosity at 40[err]C of 2.64 mm/s, sulphur content 5   of
0.0005%w and a boiling point range: 10% - 206C, 50% - 226[err]C and 90% -
266C. Gas oils a to f had aromatic contents in the region of 20 to 30%w
whilst gas oil g had an aromatic content of less than 5%w. 10
TABLE I Test        Gas      Copolymer         Solution       PP
CFPP No.        Oil      of Ex. No.          mg/kg 1         a
9*                   -9* 2         a             1                40
-15 15     3          a             1               600        -21
-17 4         a              1             1000         -24        -18 5
a              1             2000         -27        -21 6         a
2                40         -9         -13 7         a             2
600         -12        - 20     8          a             2
2000         -24        - 9         b                              -
-          -10* 



10         b              1              300         -          -20 11
b          Comp. A            300         -          -11 12         b
Comp. B            300         -          -9 25    13          b
Comp. C            300         -          -17 14          c
-           -          -17* 15          c             1              300
-          -20 16          c         Comp. A            300         -
-15 17                    Comp. B            300                    -20 30
18          c          Comp. C            300         -          -17 19
d                             -          --4 20          d             1
300         -          -9 21          d         Comp. A            300
-7    - 16 - TABLE I (continued) Test       Gas       Copolymer
Solution       PP         CFPP No.       Oil       of Ex. No.        mg/kg
22         d          Comp. B           300        -          -9 



5     23         3          Comp. C           300         -         -7 24
e                             -         -          -34 * 25         e
2               40        -          -42 26         a             2
300        -          -45 27         f                             -
-          -10* 10     28         f             1              300
-19 29         f             1              500        -          -20 30
f             3              300        -          -12 31         f
Comp. A           300        -          -13 32         f          Comp. B
300        -          -14 15     33         f          Comp. C
300         -         -14 34         f          Comp. C         2000
-          -19 35         g                             -         -
-37 36         g             1             300         -          -45 37
g          Comp. C           300        -          -42 20   * PP or CFPP
measurement of gas oil preheated to 50[err]C. Example 5 A 50% by weight
solution of the copolymer of Example 3 in toluene was incorporated into two
crude oils (a' and b') preheated to 50[err]C and the pour points (PP) of
the resulting compositions were 



25   determined according to standard test method ASTM D97-66.  Table II
below shows the results obtained. In this table, the amount of copolymer
solution added to the crude oil is expressed as mg polymer solution per kg
crude oil ("Solution mg/kg"). Crude oil a' which was from New Zealand had
density at 15[err]C of 30   833 kg/ml[err], viscosity at 40[err]C of 3.0 mm
2s, sulphur content of 0.08%w and cloud point of 50[err]C. Crude oil a'
showed no minimum or maximum pour point behaviour.    -17- Crude oil b'
which was from New Zealand had density at 150C of 3
2 831 kg/m , viscosity at 40[err]C of 2.9 mm /s, sulphur content of 0.077%w
and cloud point of 49[err]C. The content of asphaltenes in crude oil b' was
low; the wax content was 14.6%w. Crude oil of 5  showed no minimum or
maximum pour point behaviour. TABLE II Test          Crude        Copolymer
Solution          PP 



No.           Oil        of Ex. No.            mg/kg           (CC) 38 .
-             33* 10     39           a'                3
500            30 40            a'               3               1000
27 41            a'               3               2000            27 42
a'                3               3000            21 43           a'
3               4000            18 15     44            b'
-             33* 45            b'               3                 40
30 46            b'               3                400            27 47
b'                3               1000            27 48           b'
3               2000            21 20     49            b'               3
4000            12 * PP measurement of crude oil preheated to 50[err]C.
18 T 6577 1.   A copolymer of at least one n-(C8-C30-alkyl) (meth)acrylate 



with maleic anhydride, which contains alternating (meth)acrylate and maleic
anhydride monomeric units, characterised in that the copolymer has a degree
of alternation of at least 85%. 5      2.   A copolymer according to claim
1, wherein the at least one (meth)acrylate is selected from
n-(C10-C30-alkyl) (meth)acrylates and mixtures thereof. 3.   A copolymer
according to claim 2, wherein the at least one (meth)acrylate is selected
from n-(C12-C24-alkyl) (meth)acrylates 10      and mixtures thereof. 4.   A
copolymer according to claim 3, wherein the at least one (meth)acrylate is
selected from n-(C12-alkyl) acrylate or mixtures of n-([err]-alkyl)
acrylates. 5.   A copolymer according to any one of the preceding claims,
15      wherein the degree of alternation is at least 86%. 6.   A copolymer
according to claim 5, wherein the degree of alternation is at least 88%. 7.
A copolymer according to claim 6, wherein the degree of alternation is at
least 90%. 20      8.   A process for the preparation of a copolymer as
defined in any one of the preceding claims which comprises reacting at
least one 



n-(C8-C30-alkyl) (meth)acrylate with maleic anhydride in the presence of a
radical-forming initiator, characterised in that a predetermined molar
amount of the (meth)acrylate is dosed to a 25      predetermined molar
amount of the maleic anhydride at a dosage rate of 20 to 100 mol%
(meth)acrylate per hour, and that the ratio of the predetermined molar
amount of (meth)acrylate to the predetermined molar amount of maleic
anhydride is in the range from 1:1 to 1:5.    -19- 9.   A hydrocarbon oil
composition comprising a major amount of a hydrocarbon oil and a minor
amount of a copolymer as defined in any one of claims 1 to 7. 10. Use of a
copolymer as defined in any one of claims 1 to 7 as a 5     flow improver
additive. PS29/T6577FF   




