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hydrocarbon oil compositions containing them and their use as flow
improver additives.

Hydrocarbon oils such as gas oils, diesel oils, fuel oils,
lubricating oils and crude oils contain varying amounts of
paraffins. The proportion of long chain n-paraffins, in
particular, determines the cold-flow behaviour of the oils. On
cooling, the n-paraffins separate out as plate-like crystals which
interact together to form a three-dimensional network in which
still liquid oil becomes trappéd, resulting in increased oil
viscosity and decreased oil flowability. In gas oil and diesel oil
applications, this phenomenon results in filter blockage, whereas
in crude oil applications, it results in the geliation of the crude
oil and the formation of deposits in pipelines and storage tanks
leading to considerable losses in production and capacity.

It ie= well known that these problems can be alleviated by the
addition of so-called flow improvers to such oils. There are two
kinds of flow improver: nucleation modifiers and growth modifiers.
Nucleation modifiers promote the formation of many small paraffin
crystals whereas growth modifiers promote the formation of larger
crystal clusters. 1In both cases however, the plate-like crysEals
described above are not formed. Nucleation modifiers find
application in gas oils and diesel oils since Phe paraffin crystals
formed are sufficiently small enough to pass through a filter.
Growth modifiers, by contrast, are used in filter-free

applications, e.g. in crude oils.

e.g. p-toluenesul phonic acid, and a pol yneri sation
copper (I1) acetate, with removal of water. The

R

&

s



20 "Behenyl Al cohol X5". Exanples of radical-form-ng i ni ti: ators i nclpge,
benzgyl peroxide, di-tert-butyl peroxide, acetyl pefomde, ,acetylf henzaoyl
perofi.de and [err] Further exanples of radical-formng initiators are
ment foned in EP-A-485 773. 25 . The radical-formng initiator is
conveéniently used in an anount from1l to 10 nol % preferably from1l to 5
nmol % and nost preferably from1l.5 to 3 not% -based on (neth)acrylate. The
radidal -formng initiator be added as a single portion, or,
altefnatively, may bESdi-¢8 %%“ghtﬁstﬁ\‘/\bseér thprsepd? t9raRsa idisehion drbebHdded
at dijffferent stagesrdad iong &meogwmsss ij hie ilceagkydiide Tt hnatuyat or is
conveniently added in_two rtlons ’1[;1 grst portion containing 65 to 75%
and the second p%W#ﬁﬁe enigﬁ‘be‘f% ¥™5% of the total intake of
initiitator. The process of the inventi®@n is conveniently carried out in 35
t he presence of a solvent. Sui taale sbly \ignts i ncl ude hydrocarbons *

Rl

in which:

Rl represents hydrogen or methyl and
R2 represents an n-alkyl radical having at least 16, preferably

10 from 16 to 30, carbon atoms.

» The copolymers are prepared by a process which comprises first
mixing the total charge of n-alkyl acrylate with the total charge
of maleic anhydride (the molar ratio acrylate: anhydride being in
the range from 20:1 to 1:10, preferably from 8:1 to 1:5 and

15 esvecially from 4:1 to 1l:1), and heating the mixture, in the
presence of an organosoluble radical-forming catalyst, at a
temperature in the range from 50 to 150°C, preferably from 80 to
120°C. It is clear from the examples of the patent that the most

preferred temperatures are in the range from 85 to 95°C. At such

20 temperatures, the reaction is complete_;n about 4 hours.
No information is provided in the patent of the composition
(e.g. the molar percentages of n-alkyl acrylate and maleic
anhydride monomers) or of the structure of the copolymers obtained
by the above process. However, the known higher reactivity of
25 mn-alkyl acrylate monomers and their much éreater tendency to
homopolymerise than maleic anhydride monomers will, in view of the
initial mixing of the total charge of n-alkyl acrylate with the
total charge of maleic anhydride, result in the copolymer obtained
containing proportionally more n-alkyl acrylate than maleic
30 hﬁnhydride and having a structure which is not highly uniform.
A.I. Akhmedov et al., Neftekhimiya 23, No. 5, 696-699, 1983,
"Synthesis and study of additives based on decyl methacrylate-
maleic anhydride copolymers” discloses the preparation of

lubricating oil additives having both viscosity index improving and

35 detergent-dispersant properties, by copolymerisation of decyl
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obt ai;

ined by the above process may vary wwthin wde Iimts. For exanple,

t he copol ymer s mtﬁa@@gna%éldegxﬂefna&@crylate and 10%w maleic anhydride

oo bmvnnn 1 A ¢ it vem e e

(corresponding to a molar ratio decyl methacrylate to maleic
anhydride of 3.9:1) at 80°C for 3 hours in the presence of 0.5%w
initiator. It was found that increasing the quantity of maleic

10 anhydride in the monomer mixture to 20%w or more had a detrimental
effect on the solubility of the end product in mineral oils.

Akhmedov et al. state that the constants of copolymerisation
(r) of the monomers being investigated were 1.75 for decyl
methacrylate and 0 for maleic anhydride.

15 According to Akhmedov et al., the product of the values of the
constants of copolymerisation is thus equal to zero, which points
to formation of a copolymer with alternating monomeric units. This
conclusion is supported by the fact that maleic anhydride does not
form a homopolymer under these reaction conditions.

20 Akhmedov et al. .further state that the structure of the

; copolymers was confirmed spectrally, and the composition by the

value of the acid number. Copolymers were obtained with molecular
weight 7000 - 17000, maleic anhydride content 8 - 36%w, acid number
46 - 105 mg KOH/g and yield of 80 - 96%.

25 A perfectly altermating copolymer (100% alternation) of decyl

methacrylate and maleic anhydride would contain 50 mol% of each

monomer. A copolymer containing a lower molar percentage of maleic
i anhydride would inevitably have a iower degree of alternation

% (< 100%). The copolymers obtained contained 8 to 36%w maleic’

: 30 anhydride which corresponds to 16.7 to 56.5 mols maleic anhydride.

§ Bearing in mind that maleic anhydride is said not to form a

| homopolymer under the reaction conditions used, an observed maleic
anhydride content of greater than 50 mols strongly suggests that
this parameter was calculated on the basis of the crude, rather

35 than the pﬁre, copolymer product, and this crude produ&t would
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§.nore preferably from 1,000 to 20,000, and advantageously from 4, 500
000. Such nunber average nol ecul ar wei ghts nmay conveniently be

rds. 25

ves in hydrocarbon oils such as gas 0ils, diesel

ngg.grai %:qgvg contax dt Isgnll'lel %rrleg xﬁgl\éggc:.[t% gonya ei& S%]nhtyﬁxl:

ners are used gas o

ating oils

ed when the copo

I ned by gel

The copol

perneati on chrorat ography (GPC) agai nst pol ystyrene

yners of the present invention are useful as

oils, fuel

oiIs

t inventi o'ﬁhti-’ur Fhfermaéﬁmnadbxdla-dsocomdt%mpm voild corpesitoi ba
sing a maj Qfanou, Qbu BY¥ALAG3MRRR BLdy A @&sBl O 0D o8,

mer accordlng to the invention. The copol ymer is_used

in an anDunt ' of

10, 000 nghPERvekg Hy drolaehdPofhe IPF%’F‘E%BPya"fliﬁblﬁ 0069, cafspbace
ably 105t 0tBe MRAuanRIntehtPAF tnaldl @ranBPat ile?ndidtie S ThndOROAAERRe PEI K

dr ocar bon

10

15

20

25

-preferably 10 to 40, mol% of the one or more ethylenically

8£isf%ﬁg &géggés of alternation in the copolymers.

Notwithstanding

this, in view of the fact that decyl methacrylate is more reactive

and has a much greater tendency to homopolymerise than maleic

anhydride, that it was used in considerable excess in the process

(molar ratio decyl methacrylate to maleic anhydride 3.9:1),

and

that the total charge of decyl methacrylate was mixed with the

total charge of maleic anhydride at the start of the process, the

copolymers would be expected to contain low rather tham high

degrees of alternationm.

EP-A-485 773 discloses petroleum middle distillates containing

small amounts of (A) known flow-improvers based on ethylene and (B)

copolymers consisting of 10 to 95 mol% of one or more alkyl

acrylates or alkyl methacrylates with C

of 5 to 90 mols of one or more ethylenically unsaturated

dicarboxylic aci

1

- to C

26

-alkyl chains and

ds or their anhydrides, the copolymer having been

extensively reacted with one or more primary or secondary amines to

give the monoamide or amide/ammonium salt of the dicarboxylic acid.

The copolymers B contain from 10 to 95, preferably 40 to 95,

and most preferably 60 to 90, mols$ of the one or more alkyl

(meth)acrylates and from 5 to 90, preferably 5 to 60,

unsaturated dicarboxylic acids or anhydrides.

and most

The alkyl groups of the alkyl (meth)acrylates are said to

- contain from 1 to 26, preferably 4 to .22, and most preféfably 8 to

30

35

18, carbon atoms.

and unbranched.

alkyl components

The alkyl groups are preferably straight-chained

However, up to 20%w of cyclic and/or branched

may be present.

Examples of particularly preferred alkyl (meth)acrylates are

listed as n-octyl (meth)acrylate, n-decyl (meth)acrylate,

(meth)acrylace,

n-tetradecyl (meth)acrylace,

n-hexadecyl

n-dodecyl



- 11 The hydrocarbon oi |l conpositions may, dependlng on their end uze
contai n various other additives such as dispersants,’ detergents :CQLF 03 on
inhi'bjtors and viscosity-index i nprovers. The presenf invention stil
further provides the use of a 5 copolyner of the invention as a flow

| mprojver additive. The present invention wll be further understood from
the following illustrative exanples. Exanpleg 1 10 Preparation of a highly
alterjpating copolynmer of C [err] -alkyl acrylate and nal ei c anhydri de

9.8 & (0.1 nol) mltabsc@mbyéirahd% LoWBLA)cyRNEhe?A) £ rly DA ttCBRA WBIkRUEY bgdUCed
into doubl e wal | ed gl ass reactor equipped with an overhead stirrer, an
argonf inlet, a colfdénser and an inlet 15 connection for a perfusion punp.
The rleactor was pur gégamplth «fr gehylantic£llyl wrghtufdtew difcaabgon ives:idai ateai ned

throyghout the enliy ¢, ngaghiqn. .:Tﬁe g%{iia&%hﬂ pgtﬁa'ﬁc £4ag! O&c‘@ﬁé fgakedy wth
stirning, to a tenperature(ﬁ bout ¢ Ci rc ating stiicon ofl
fromla t her no3t adrtded therric aQAHeralthemenmre#es anhyelli de ﬁvavermemcee and 20
di ssal ved, a porgdiQRc0f{nrGafideP20ipabuiydgonitrile (AIBN) in toluene

The copolymers B are prepared:by polymerising the one or more
alkyl (meth)acrylates with the one or more ethylenically
unsaturated dicarboxylic acids or anhydrides and reacting the

10  copolymer obtained with a suitable amine. The first stage in the
preparation may be carried out using discontinuous or continuous
polymerisation processes such as mass, suspension, precipitation or
solution polymerisation, initiated using the usuwal radical domnors.
Solution polymerisation is the preferred method.

15 At page 5, lines 22 to 46 of EP-A-485 773, it is stated that
solution polymerisation is carried out in solvents in which the
monomers and the copolymers formed are soluble. All solvents are
suitable for this which meet this criterion and do not react with
the monomers. Examples are toluene, xylene, ethylbenzene, eumené,

20 high boiling point mixtures of aromatics such as “SOLVESSO” (trade
mark) 100, 150 and 200, aliphatic and cycloaliphatic hydrocarbons
such as n-hexane, cyclohexane, methylcyclohexane, n-octane,
iso-~octane, paraffin'oils, *SHELLSOL" (trade mark) TD, T and K,
tetrahydrofuran and dioxan. . Tetrahydrofuran and dioxan are

25 particularly suitable for producing low molecular weight
copolymers. When carrying out solution pqumerisatidn it is good
practice to start with part of the monomer mixture (e.g. ca 5 to.
20%) in the reactor and add to it the rest of the monomer mixture

with the initiator and, if used, coinitiator, regulator and

30 solvent. The monomers can also be added individually at different’
speeds. This is recommended in the case of monomers with very
different reactivities, as is the case with (meth)acrylates and
unsaturated dicarboxylic acids or their anhydrides and if a
particularly uniform distribution of the less reactive monomer in

35 the polymer is wanted. In this case the less reactive monomer is




was ifntroduced into the reactor using a syringe. Thfsipontjon consi stied of
75% ¢f the total AIBN intake of 0.24 g (1.5 nolt baséd oh:iagrylaté iptake)
in 544 g toluene. 100 nml of a solution of 26.1 g (0.1 nol) [err]-alkyl 25
acrylfate (being the reaction product of acrylic acid and a m xture of [err]
n- al ganol s avail abl e from nenber conpani es of the Royal Dutch/ Shell G oup
unde the trade mark "DOBANOL 25") in toluené was subsequently dosed to the
reactyi on m xture over a period of 100 mi nutes (nolar ratio acryl ate: MALA of
1: 1; jdosage rate BFIB0OTRE F2REALY aed FhatmerpeteaRsiyy moneRe: BAFT SLPBW of Ithe
acryliate ?ddi ti on:;js tdlgorlﬁfmmidﬂgop&falritm&f tid BhAb 50| dabluh 06525;’&?8@&:,

I mredi ately introduc into. the reactor and the reactjon wa t to
contifnue for a fuft éeaer’:aﬁp%(ga?s.eseﬁr%aﬁéf“fenég?% 58P o\ KO R ro]“%' :F'ﬁe crude
reacti on product Cwmtaremyigtehe Fhingllyy & tierslabi pgs<idpel goretamwf wdth all the
[err]-al kyl aceyl ﬁér?on@gdar{@lc d %oi‘@&)&%éﬂ%d%&%ﬂ@%ﬁgmaﬁg and, ié‘%\s'ed,

anal )}sed by gel perneation chronmatogra agai nst polystyrene
i coinitiator and regulator (batch procedure). When carrying out

! this procedure on a large scale problems can arise, however, with
removing the heat so that chis'procedure should be used only in the
case of low concentrations of the monomers to be polymerised. The

10 concentrations of the monomers to be polymerised are between 10 and
80%w, preferably 30 and 70 sw. The solid copolymer can be obtained
without problems by evaporating the solvent. It is, however, good
practice to choose for the polymerisation a solvent in which the

reaction with the amines can take place and which is miscible with

15 the middle distillate, so that the polymer solution can be added
directly to the middle distillate.
In the above passage, it is stated that by adding the alkyl

e o s em S rn

(meth)acrylate and ethylenically unsaturated dicarboxylic
acid/anhydride monomers at different speeds during the reaction, a
20 polymer containing a particularly uniform distribution of the less
reactive monomer can be obtained, the implication being that the
procedure leads to polymers containing comparable amounts of the
different monomers. There is no teaching in this document
concerning desirability or otherwise of particular degrees of
25 alternation in polymer structure and, in pafticular, there is no
suggestion that any polymer formed by solution polymerisation
would, or desirably should, have a highly alternating structure.
Examples 1 to 6 in EP-A-485 773 relate to the preparation of
polymers of alkyl (meth)acrylates with maleic anhydride, whilst
30 'Eiémples 7 to 18 which follow relate to the reaction of those
polymers with amines to form the copolymers B.
In each of Examples 1 to 5, a batch solution polymerisation
process was used. The polymers obtained in Examples 1 to 5
contained molar ratios acrylate to maleic anhydride in tbe range

35 from 80:20 to 40:60. No information is given on the structure of
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rds. The copol yner was found to have a nunber :évér?gefrmi'e'pﬁ.l,ar.

st an -,
wei g (M) of 7,700. Purification of the crude predyct by.dialysis" -
foll d by analysis by Nucl ear Magnetic Resonance 5 (NVR) reveal ed the
degregp of alternation in the copolymer to be 90% Exanple 2 Exanple 1 was
repeaged with the foll owi ng exceptions: 9.8 g naleic anhydride in 20 g

t ol uehe was used and the Cl12-C 5-al kyl 10 - 7acrylate was repl aced by

Cl2- agkyl acrylate (nolar ratio acrylate: MALA of 1:1). The copol yner of
C12- af kyl acryl 5#% PRAYSRS - ei 25 SRR NGB Bt aPPodeRAFMC2 ENigB0 2 (iataF ged
by on the cgétittnettipradusthadanéern frdegéee ché mkitimalkgpde OFf dDR¥nation

lated on the purified pwroouggc\; .néS =g ﬁf)éar%ei 1 was r epeat ed

he fol | owtg hgxg% *5hs 9% 8 62g‘y FE{¢ aﬁ%égﬁﬁe °R g T\(I)ilaalfeﬁ% ’\K’gs

nd the C andC80- &l bpsed draéhydaimelwasatépl.aced by [err] al kyl acrylate

| tshe rgaction IFErQQJ%E&%rBhﬁQ{gX&i&ae%ckglrﬁngoégi@létw @r@fads 16-C24
copolymers of n-alkyl :(meth)acrylates and maleic anhydride which
have a structure consisting substaritially of alternating
(meth)acrylate and maleic anhydride monomeric units, resulting in
advantageous flow improver activity in a wide range of hydrocarbon

10 oils.

@ Therefore, in accordance with the present invention, there is
provided a copolymer of at least one n-(CS-C30-a1kyl)
(meth)acrylate with maleic anhydride, which contains alternating
(meth)acrylate and maleic anhydride monomeric units, characterised

15 1in that the copolymer has a degree of alternation of at least 85%.

Preferred copéljmers are those prepared from one or more
n-(Cld-C30-a1ky1) (meth)acrylates, most preferably one or more

n-(C -alkyl) (meth)acrylates. Acrylates are most preferred.

127%a4 |
The degree of alternation in the copolymers can be readily

20 determined by quantitative C13 Nuclear Magnetic Resonance
Spectroscopy (NMR). Thus, a sample of pure copolymer is"dissolved'
in deuterated chloroform containing 0.15 M 2,2,6,6-tetramethyl-
l-piperidinyloxy (TEMPO) and is subsequently analysed by NMR. From
the NMR spectrum obtained, the ratio a/b of the intggrals in the

25 carbonyl (CO) region at 172-174 ppm (a) and in the ester (bCHz)
region at about 65 ppm (b) is calculated.. In the case of a
homopoly(meth)acrylate, there is one carbonyl carbon for every OCH2
carbon, so that the ratio a/b is 1. By comparison, in the case of
a perfectly alternating copolymer of n-alkyl (meth)acrylate with

30 maleic anhydride;'there are three carbonyl carbons for every OCH2
carbon, so that the ratio a/b is 3. In the case where a copolymer
of n-alkyl (meth)acrylate with maleic anhydride contains y
perfectly alternating segments and l-y acrylate segments (y x 100%
represents the degree of alternation as a percentage), then there

35 are 3y + (l-y), i.e. 2y + 1, carbonyl carbons for every y + (1l-y),
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same polymerisation conditions as used in the preparation of the
copolymers according to the presenf invention, in which neo
oligomers or polymers of maleic anhydride were formed.

The above explanation of the calculation of the degree of

; 10 alternation may be more readily understood by reference to the

g ’ following structural representations:

'i (a) (1)

; ~CH,~CH— ~CH-CH-

E 15 4 éo c ( ) / \\C 0

i H,(CH,) CH 0=C =

2 2'n" 3 J

No

5 "A" represents an acrylate monomeric unit in which "n" is an
integer in the range from 6 to 28, and "M" represents a maleic

20 anhydride monomeric unit,

comprises reacting at least one u- (C

For: AAAAAABA . ...... , C—O/OCH2 = 1
AMAMAMAM . ,..... . C—O/OCH2 = 3
(AM)y(A)(l_ y? C-O/OCH2 =3y + (1-v) _ 2y + 1

y + (1-9)

The degree of alternation in the copolymers of the present
invention is preferably at least 86%, more preferably at least 88%,
and especially at least 90%.

The present invention also provides a process for the
preparation of a copolymer accordlng to the invention which
-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 predetermined molar amount of the

maleic anhydride at a dosage rate of 20 to 100 mol% (meth)acrylate



was 4 hours. Once cool ed, the crude reaction product: “cont ai ni ng a 5,;- .
copolfyner ~of Cl2-C 15-al kyI acrylate and mal ei ¢ anh dr| de-was: coj leeted and
anal §sed by gel pernmeation chromatography (GPC) agai'nst poI ystyrene
stan@ards. The copol yner was found to have a nunber average nol ecul ar

wei gigt (M) of 23,700. Purification of n the crude product by dialysis

fol |l qwed by analysis by Nuclear 10 Magneti @ Resonance (NWVR) reveal ed the

degr ge of alternatlgn int copol yner. to_be 34% arati e Exanpl e B The
procddure descr PBEJ"TH 'CB éF“é‘E V8 B&pPE cﬂemdféirggf‘%ﬂ me ﬁ’éﬁf"°t‘?\'ét°ft he
nolaff ratio acryhatmdwklylbamaso Irh: puedle@Blyind8 wplhb amcuol uhealwtice used.

The gopol yner Qy%riq lglllﬁyl:heagg%%/eagﬁqu 118, 115 mal eic anhydride

obt aifned had M determ ne e crude product) and a degree
of aliternation of 780 salGufg;edkoh t(netlp@ﬁrﬂaédsmi?éum )the Geripsasatdfve

Exanpl e C 205  the pr!'Jse c”ﬁ%ﬁémﬁ“ﬂ@%klvﬁn thngA?ﬁer&C%QHrH’e pledatafnle 2 in
S Pétent No. 4,663,491, 65.25 g (0O - al kyl acryl ate as

processes analogous to known processes Thus, the (meth)acrylates

may conveniently be prepared by ansesterification process in which

_ (meth)acrylic acid is‘heaced together with one or more C8'C30

5 n-alkanols in an azeotropic solvent such as toluene, in the

: 10 presence of an esterification catalyst, e.g. p-toluenesulphonic

»  acid, and a polymérisation inhibitor, e.g. copper (IIL) acetate,
with removal of water. The esterification reaction is typically
carried out at a temperature in the range from 70 to 90°C under
20 kPa vacuum. '

15 Preferred (meth)acrylates are those prepared from Clz-C24
n-alkanols, e.g. l-dodecanocl, or a mixture of Clz-c15 n-alkanols
which is available from member companies of the Royal Dutch/Shell
Group under the trade mark "DOBANOL 25", or a mixture of Cls-C24

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

i peroxide and of o' -azoisobutyronitrile. 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, orx,
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




deschi bed in Exarrpl e 1 above and 24.5 g (0.25 nol ) rral ei c arihydrréle (IVALA)
(mol §r ratio acrylate: MALA of 1:1) were placed in a reactlon fl ask,.and;
heat§d to 85C in a nitrogen atnosphere. At that 25 tenperature, 0.15.9g of
,Y' -Qzoi sobutyronitrile (AIBN) in 3 m toluene was added and a tenperature
I ncr gase was observed. After cooling to 953 esr]C, further anounts of Al BN
wer efjadded in five netered portions until a total of 0.75 g Al BN di ssol ved
in 13 m tol uensudmdsbesikeaoNSiyTBse, Zbeymmhner,eaekiﬁm bé tEe\VaSy A oROkHrR-

Oncef30 cool ed e cru q {eact roduct cont ai ni n C I r _of
[err] [ert] al kyliid ézg‘r yf a n)a ™ {D Hrar %é 5 s[p° SrgLI @%%cg’z&é%geﬁﬁ%\‘ﬂlsed
by g | perneati wrieu‘mtbmr@geaﬁty aﬁﬁil.hSQL“poby@te)thene, yhatitarldsly The

copofyner was found.,t.g gﬁ\ég a, U PSS anav ge 1 i%cg ar i ght
(MN) jof 12, 500. Purl?lléatlo]ﬁl of the crude pr((a')aclzleutcltcmnl fag? ys+s aftV\FI owed by

anal ysi s by NucF@merWE‘glfﬁatPFefﬁéééhMéh% NIVR;G risraab@dot AR’ Wegeee of
al tefnation in pherecapn) w¥eh 00 cbesoqc.

In the process of the invention, a predetermined molar amount

of at least one n-(CS-C3O-a1kyl) (meth)acrylate is dosed to a

i predetermined molar amount of maleic anhydride at a dosage rate of
10 20 to 100 mols, preferably 40 to 80 mol%, and especially 60 mols,
(meth)acrylate per hour. .

The ratio Sf 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 (Mn) of the copolymers of
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 pélyscyrene 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

hydrocarbén 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

te 3,000, and in particular 20 to 2,000, mg copolymer per kg

35 hydrocarbon oil are used.




80% Exanpl e 4 Sol utions of the copol yners of Exanples | 1o 3tdand of
Conpaf ative Exanples Ato Cin toluene (50% by weigfit) were incofpgiated
into Beven gas oils (a,bc,d, e, f and g) preheated to 50[err]C and the pour
poi ntg (PP) and/or cold filter plugging points I0 (CFPP) of the resulting
conpogitions were determ ned according to stgndard test nethods ASTM D97- 66
and | P 309/83 respectively. The PP and CFPP val ues obtai ned are shown in

Tabl ef| below. In tithe kydtbesrdoheo BIMRURpoafti60PGlayTRIepeakiiid @R added to the

gas ofl is expressed as ol yner solutio er kg s oil, ("Sol ution

Mo kgl). 15 | Snarisgs HTCAAN RS e ST UG SHhAS BHAPeRERATy densi ty
at 3 : detergents, corrosion irhibSfers pfid ofis8d8idyghifidex \impeoORirky at

40[ er}] C of 3.65 nm44s, I r t en f; Q. 3% a oi l.in it range:
10% | 184l ergi C. sosrs BIFPRr IneERRisRGhs s ultl:CRfoAep® tad b, U0

i ndusfrial gas 6??011’Y819Frfgf @bﬁsqrwyn%-pton:gas a flow improver additive. 2 20

15[ ert] C of 843 kg/ Mhe Mie3eRE! in¥edliAOLEIT bE BlrBedAudddys Sod@rshl-BBUr

contept of < 0. 3%w.
gé@%owiug illustrative examples.

§
¢

; Example 1 _
: 10 Preparation of a highly alternating copolymer of C12291=‘alkyl

acrylate and maleic anhydride
9.8 g (0.1 mol) maleic anhydfide (MALA) and 50 g toluene were

i 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

i reaction. The mixture in the reactor was heated, with stirring, to
a temperature of about 80°C by circulating silicon oil from a
thermostatted bath. When all the maleic anhydride had melted and

20 dissolved, a portion of of,'-azoiscbutyronitrile (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 mol% based
on acrylate intake) in 5.4 g toluene.

100 ml of a solution of 26.1 g (0.1 mol) ci‘z-cls-amyl

25 acrylate (being the reaction product of acrylic acid and a mixture
of 612—015 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 mols

30 acrylate per ﬂbur). 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°C, the crude reaction
product containing the highly alternating copolymer of

35 Clz—Cls-alkyl acrylate and maleic anhydride was collected and
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GasYoil ¢ was a French industrial gas oil having densnty at 3 -
2 14l err]C of 853 kg/m, viscosity ato 40[err]C of -3, 82 M. [S : -and sui phur
gent of < 0.3%wv. 25 Gas oil d was a French autonotive gas oil

havigng density at 3 15C of 841 kg/m, viscosity at 40C of 3.46 nm/s and

sul ghur content of < 0.5%w. Gas oil e was .aipani sh autonotive gas oil
havigng density at 3 2 15C of 842-kg/nferr],
visqosity at 40&ndifys3d % @El/ﬁarméhlfmuéhfdﬂl@t‘.&g&ap&Q (CHY) Qg Wheldtdrene
boi I ng poi nt ran%b O(V -..180C, .50% - g% ? ?\0%- 319J err] C. s ol f
was fa Ger man auf BHSE Fv% g&Eeo?ﬁWﬁmﬁfnaaﬁ i a¥e a number average

ent ) 15by dlalysis followed by analysis by Nuclear Magnetic Resonance

5 (NMR) revealed the degree of altermation in the copolymer to be
90s.

Example 2
Example 1 was repeated with the following exceptions: 9.8 g

maleic anhydride in 20 g toluene was used and the Clz-cls-alkyl

; 10 acrylate was replaced by C,,-alkyl acrylate (wolar ratio acrylate:
; MALA of 1:1). The copolymer of Cig
i anhydride obtained had Mn 4,900 (determined by GPC on the crude

-alkyl acryiate and maleic

product) and a degree of alternation of 100% (calculated on the

purified product).

ys
(%]

Example 3

Example 1 was repeated with the following exceptions: 9.8 g

maleic anhydride in 20 g toluene was used and the Clz-Cls-alkyl
acrylate was replaced by C16-C2a-alkyl acrylate (being the reaction
production of acrylic acid and a mixture of Cl6¥C24 alcohols

20 commercially available from Sidobre Sinnova (France) as "Behenyl
Alcohol X5"). The molar ratio acrylate:MALA was l:1. The

copolymer of C -alkyl acrylate and maleic anhydride obtained

-G
16 724
had Mn 9,000 (determined by GP€ on the crude product) and a degree

of alternation of 100% (calculated on the purified product).

-

25 Comparative Example A

A copolymer of 612 15- -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 Glz-c15

30 above (molar ratio acrylate:MALA of 4:1) and 114 g toluene were

-alkyl acrylate described in Example 1

introduced into a reaction flask and the contents heated, with

stirring, to 85°C in an inert argon atmosphere. A solution of




of 0.

f et

1%v and a boiling poi nt : 259C and; 90% -

range: 10% - 204C/ "'50% ,
Gas ofl g was a Swedi sh autonotive gas oil havi r__]g,.'dfernstt?y,?at‘; 15C ‘6f ' 801
kg/ nigrr], viscosity at 40[err]C of 2.64 nmm's, sul phur content 5 of
0. 000p%v and a boiling point range: 10% - 206C, 50%- 226[err]C and 90% -
266C.§Gas oils a to f had aromatic contentsi3n the region of 20 to 30%w
whi | s§ gas oil g had an aromatic content of |ess than 5%w. 10
TABL Test 3_ g dGas’ -azoisoBopuolopierile (AIBN) S0laUlOfoluene wddPdivided
(g:'*:PP irQol 6 Eogr*cigtf(s Eﬁd JN% %ndividual pgg(:zl.(c%\slvrere added at:o th?lO
-15 1 3 reaction gnixture at half hourly intervals. ER€ total reacPion time
-17 aﬁés 4 hours. Onc% cooled, the cré?%ogeactlon Effd%ét contalnlﬁEBa
a
2 5 coppdymer of C 12° 915 alkyl acrykate and maleig anhydride was 2
600 - 1Zollected and(nalysed by gel pernkeation chromatogfaphy (GPGC)
2000

_1b§:§ainst pol&sé%rene standards. The copolymer was found to have a

number average molecular weight (Mn) of 23,700. Purification of
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

e ——— Rt mthn o

15 toluene were used. The copolymer of C -alkyl acrylate and

127%s
maleic anhydride obtained had Mn 9,450 (determined by GPC on the
crude product) and a degree of alternation of 78% (calculated on

the purified product).

Comparative Example C

In a manner analogous to the procedure of Example 2 in US
4,663,491, 65.25 g (0.25 mol) 012 15
described in Example 1 above and 24.5 g (0.25 mol) maleic anhydride

20

Patent No. alkyl acrylate as

‘(MALA) (molar ratio acrylate:MALA of 1:1) were placed in a_reactiqn
flask and heated to 85°C in a nitrogen atmosphere. At that
temperature, 0.15 g of y,n’'-azoisobutyronitrile (AIBN) in 3 ml

After

25
toluene was added and a temperature increase was observed.
cooling to 95°C, further amounts of AIBN were added in five metered
portions until a total of 0.75 g AIBN dissolved in 15 ml toluene

Once

had been consumed. The total reaction time was &4 hours.

39 cooled, the crude reaction product containing a copolymer of
Clz-Cls-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

324C.



b 1 300 BT - 2-20 11
Conp. A 300 RN 9 Z T St

300 - -9 25 13 b

300 - -17 14 c

-17* 15 C- 14 - 1 . 300
-20 16 c Comp. A ' 300 - :
molecular welgbfﬂLM B of 12,500. PuiFication of the crude prodifet30
c 19

by dialysis %Qllowed by analysis” gbréffclear Magne%fc Resonan%Z 1
(NMR) revea;egl he degree of alternatio@oivp.thA copolymer to B§O0

- TA&;,!E | (continued) Test Gas Copol yner .
CFPP No. al of EX. No. ny/ kg
d Conmp. B 300 - -9
5 Example &

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,b,c,d,e,f and g) preheéted to
50°C and the pour points (PP) and/or cold filter plugging points

10 (CFPP) of the resulting compositions were determined according to
standard test methods ASTM D97-66 and IP 309/83 fespectively. The
fP and CFPP values obtained are shown in Table I below. In this
table, the amount of copolymer solutiom added to the gas oil is
expressed as mg polymer solution per kg gas oil ("Solution mg/kg").

15 Gas o0il a was a French industrial gas oil having density at

i 15°C of 870 kg/m3, viscosity at 40°C of 3.65 mmz/s, sulphur content

f of 0.3%w and a boiling point range: 10% = 184°C, 50% = 272°C and

; 90% = 368°C. f

Gas oil b was a French industrial gas oil having density at

20 15°C of 843'kg/m3, viscosity at 40°C of 3.54 mmz/s and sulphur
content of < 0.3%w.

Gas o0il c was a French industrial gas oil having density at
15°C of 853 kg/m3, viscosity ato 40°C of 3.82 mmz/s and sulphuf’
content of < 0,3%w,

25 Gas o0il d was a French automotive gas oil having density at
15°C of 841 kg/m3, viscosity at 40°C of 3.46’mm2/s and sulphur
content of < 0.5%w,

Gas oil e was a Danish automotive gas oil having density at
15°C of 842-kg/m3, viscosity ;t 40°C of 2.92 mmz/s, sulphur content

30 ©of 0.002%w and a boiling point range: 10% = 180°C, 50% = 249°C and
90% = 319°C. |

Gas oil f was a German automotive gas oil having density at

15°C of 836 kg/m3, viscosity at 40°C of 3.17 mmz/s, sulphur content




7

3 Comp. C 300 ¢ C0 o4 - re=d 24
- - o7 SR ]. B S -4
40 - - -42 26 a 2
- 45 27 i .
-10* 10 28 f -15 -1 300
f 1 500 oo- -20 30
3 of 0.11%vw and a%@.ling point range: 10% -lﬂ)ﬁ?d:, 50% = 259°C and
300 -13 32 Conp. B
S s V- ST 33 f Conp. C

Gas 1olil34 was a Swedﬁsh automotn@og‘ps o?l hav1ng dé i@y at
- 19 355 °C of 801 Qg/ni, viscosity at §80C of 2.64 mm /s sulphur ﬁgn%e%lc

CC?ITD 0%0 0005%w and gnhoiling point range: 10% g 2Q6 C, 50bp 26 Epmd

enent of gt & lzs@m-::heat ed to 50[err]C. Exanple 5 A 50% by wei ght
on of the copol
joils (a and b®
esul ting codmoswhibdts gaeredl g had an aromatic content of less than 5%w.

i n toluene was, |n$oglpor ate

N S AR L R R AL

10 TABLE I
R
Test Gas Copolymer Solution PP CFPP
No 0il of Ex. No. mg/kg (°C) (°C)
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. G 300 - -17
14 c - - - -17 *
15 c 1 300 . -20
16 Comp. A 300 - -15
17 c Comp. B 300 - -20
30 13 ¢ Comp. C 300 - ~-17
19 d - - - AR
20 d 1 300 - -9
21 d Comp. A 300 - -7




eterm ned according to standard test method ASTM:DO7-66. - Tabl e |
bel owfshows the results obtained. In this table, -fhe afount :of rcopolymer
sol ut fon added to the crude oil is expressed as ng pol ymer solution per kg
Toi! ("Solution ng/kg"). Crude oil a' which was from New Zeal and had :
at 15[err]C of 30 833 kg/ m [err], 19iscosity at 40[err]C of 3.0 nm’

densi
2s, s@ll phur content of 0.08%v and cl oud point of 50[err]C Crude oil a
showe@ no m ni mum or maxi mum pour poiABLE bER@vheitued) -17- Crude oil b’
whi ch s from New Zeal and had density at 150C of 3
2 831pkg/ m, vijscosityfat 40[erfr]C of 2.9 mm /s, sul phuj content} of 0.077%v
and clfoud point| B¢s9[ ¢rr6€ The Geprlgmer of Aspivdltéeres i n B} udel oi CFBP |was
| ow; ffhe wax cont¥nt whs PA16%y. of Fke ¥l of 5 mghlgwed (no €A num &FC)
maxi mgm pour pgiMT_benaviour.  TABCE 11— Test Lrﬁde Copotyer
Sol ut fon 2PP a Comp. B 300 - -9
5 23 3 Comp. C 300 - -7

24 e - - - -34 %

25 e 2 40 - -42

26 e 2 300 - -45

27 b - _ - - -10 %

10 28 £ 1 300 - -19

29 £ 1 500 - -20

30 f 3 300 - -12

31 £ Comp. A 300 - -13

32 £ Comp. B 300 - -14

15 33 £ Comp. C 300 - -14

34 £ 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°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°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
hcopolymer solution added to the crude oil is expressed as mg
polymer solution per kg crude oil (“Sélution ng/kg") .
Crude oil a’ which was from New Zealand had density at 15°C of
30 833 kg/m3, viscosity at 40°C of 3.0 mmz/s, sulphur content of
- 0.08%w and cloud point of 50°C. Crude oil a’' showed no minimum or

maximum pour point behaviour.




No. o al of Ex. No. my kgt Tl f@0): B8 .
- : 33* 10 39 a' - ) 23 - £ . "::"E'
500 - 30 40 a' - 3 1000
27 41 a' 3 2000 : - 27 42
a' 3 3000 .17 - 21 43 a'
3 4000 18 15 44 b’ _
- 33* 45crude oil b’ which was from New Ze3land had density at 48°C of
g.o 46 8.‘?]3 kg/m3,.viscosity %bé]@’c -_of 2.9 nunz/i;‘roszoﬂ%phur content %:\7f 47
3 Q0¥ sw and cloud pdla2®f 49°Cl9 The content olf' asphaltenes in 3
4000 dRuda PF ag nt _.of ud ‘la% re ed t [err]C
18 T 6577 1. A coﬁolog%rergra o%g gt%l’ e%hset wg’%eco%;% -‘%éo?‘g'fgtﬁ‘yr) C%r‘r‘é h3lalc;)yl ate
showed no minimum or maximum pour point behaviour.
TABLE II
Test Crude Copolymer Solution PP
No. . 0il of Ex. No. mg/kg (°C)
‘ >} 38 a’ - - 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°C.



wi th mal ei ¢ anhydride, which contains alternating (reth)acryl ate:and mal eic
anhydri de nononeric units, characterised in that t-he copol yner has:a degree

of alternation of at |east 85% 5 2. A copol'yier accordingto clai m

1, wherein the at |east one (neth)acrylate is selected from

n- (C10- C30- al kyT) (et hjacryl ates—and m xt ur §_thereof. 3. A copol yner ——
according to clai e ' at | east one (neth)acrylate is selected
from n- (Cl2- C24- f”"ﬂm"mmﬁ Eﬁﬂiu"at es 10 and m xtures thereqf ;o4 A
copol yner accordinmg to C s3, sherein the at | east one (neth)acry?ate S
selected fromn-(Cl2-al kyl) acrylate or mxtures of n-([err]-alkyl)

acryl ates. 5. A copol yner according to any one of the preceding clains,
15 wherein the degree of alternation is at |east 86% 6. A copol yner
according to claimb5, wherein the degree&fiatdefnation is at |east 88% 7.

A copol yner according to claim®6, wherein the degree of alternation is at

LT 20, che o ST LA R Lo GRS

| east one 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-(ClO-C3O-alkyl) (meth)acrylates
. and mixtures thereof.

| 3. A copolymer according to claim 2, wherein the at least one
(meth)acrylate is selected from n-(Clz-Cza—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-(Clz-alkyl) acrylate or mixtureg
of n-(Clz-C24 :

5. A copolymer according to any one of the preceding claims,

-alkyl) acrylates.

15 wherein the degree of alternation is at least 86%.
6. A copolymer according to claim 5, ﬁherein 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-(CS- -alkyl) (meth)acrylate with maleic anhydride in the

C
presenczoof a radical-forming ihitiator, 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.



n-(C8-C30-al kyl) (neth)acrylate with naleic anhydriide T the préséfice of a
radical -fdorming initiator, characterised in that.'a prede ' nol ar
amount of the (neth)acrylate is dosed to a 25 prede?@!lmmwﬂ)”mm"l
anount of the maleic anhydride at a dosage rate of 20 to c ‘oL
(nmeth)acrylate per hour, and that the ratioief-the predeterm ned nol ar
anount of (meth)acrylate to the predeterm ned nol ar anount of maleic
anhydride is ingthea apgocatbsh bil dompdsbrion compisthg a Aajydroeardof il
conposition conprlising, a major anount of a hydrac il ] pQr
anmount of a cogg?'yrr?gragté%n de i%nggai-%ngﬁya%oﬁé‘raogg cl g?%%oa%{&gf%}ﬁugg of a
copol yner as debnemed ichakmsylote/of clains 1 to 7 as a 5 fl ow i nprover
additive. PS29/ 1857 4KE of a copolymer as defined in any one of claims 1 to 7 as a

*

5 flow improver additive.

PS29/T6577FF



- 20 -

T 6577

ABSTRAGCT

POLYMERIC FLOW IMPROVER ADDITIVES

The invention provides a copolymer of at least one
n-(Cs-C3O-a1kyl) (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%; a process for its preparation; a
hydrocarbon oil composition containing it; and its use as a flow

improver additive.

PS29/T6577FF




