EP 4 326 840 B1

Patent Office

s et (11) EP 4 326 840 B1

(1 9) ’ e Hllm”“l”m||m||H‘|‘|||HH|H|‘| |H|H|m|‘|H||H|H||H‘|H||‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) International Patent Classification (IPC):
of the grant of the patent: C10L 1/14(2006.01) C10L 1/16 (2006.07)
13.11.2024 Bulletin 2024/46 C10L 1/196 (20697 C10L 10/16 2090V
(21) Application number: 22701178.0 (52) Cooperative Patent Classification (CPC):
C10L 1/146; C10L 1/1641; C10L 1/1966;
(22) Date of filing: 12.01.2022 C10L 10/16

(86) International application number:
PCT/EP2022/050529

(87) International publication number:
WO 2022/223153 (27.10.2022 Gazette 2022/43)

(54) POLYMERIC POUR POINT DEPRESSANTS FOR WAXY CRUDE OILS
POLYMERE STOCKPUNKTSENKENDE MITTEL FUR WACHSARTIGE ROHOLE
ABAISSEURS DE POINT D’ECOULEMENT POLYMERES POUR PETROLES BRUTS CIREUX

(84) Designated Contracting States: * KAYSER, Christoph
AL AT BE BG CH CY CZDE DK EE ES FI FR GB 65926 Frankfurt am Main (DE)
GRHRHUIEISITLILT LULV MC MK MT NL NO ¢ KRULL, Matthias
PL PT RO RS SE SI SK SM TR 55296 Harxheim (DE)
* SCHAFER, Michael
(30) Priority: 21.04.2021 US 202117236635 65384 Griindau-Rothenbergen (DE)
20.05.2021 EP 21174872 * SMITH, Rashod

Houston, Texas 77070 (US)
(43) Date of publication of application:

28.02.2024 Bulletin 2024/09 (74) Representative: Clariant Produkte (Deutschland)
GmbH
(73) Proprietor: Clariant International Ltd Patent Management
4132 Muttenz (CH) Industriepark Hochst, G 860

65926 Frankfurt am Main (DE)
(72) Inventors:
* KAISER, Anton (56) References cited:
68723 Schwetzingen (DE) WO-A1-2018/190917  US-A1-2017 190 949
* FEUSTEL, Michael
55278 Kéngernheim (DE)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 4 326 840 B1
Description

[0001] The present invention relates to polymer compositions for improving the flowability of waxy crude oils. The
compositions contain a modified alpha-olefin maleic anhydride copolymer.

[0002] Crude oils and products produced therefrom are complex mixtures of different types of substances, some of
which can present problems during production, transport, storage and/or further processing. For instance, crude oil and
products derived therefrom, for example middle distillates, heavy heating oil, marine diesel, bunker oil or residue oils,
comprise a variety of longer-chain paraffins with 20 to 45 and sometimes even more carbon atoms. Especially the linear
paraffins pose problems as they have a limited solubility at low temperatures and, upon cooling of the oil, they precipitate
as a solid wax and form a three-dimensional network of flakes and/or fine needles. As the liquid components of the oil
gettrapped in this network the flowability of the oil deteriorates. Thus, wax formation most often impedes the transportation
of the oil through lines and pumps or even renders it impossible. A further problem encountered in production, transport
and storage of wax-containing oils and especially of crude oils is the formation of deposits on the piping and other
equipment contacted by the oil when the temperature falls below the solidification temperature of the wax. Build-up of
wax deposits reduces the effective pipe diameter and impacts oil throughput. In storage tanks considerable amounts of
oil remain intercalated between the paraffins which crystallize out especially on the tank walls. Besides, other constituents
incrudeoil,i.e., asphaltenes andresins, should also be considered as important factors influencing its cold flow behaviour.
[0003] To mitigate the detrimental effects of solid hydrocarbon waxes during production, transport and storage of
paraffinic mineral oils, various types of additives have been developed. These additives are predominantly synthetic
polymeric compounds. The so-called paraffin inhibitors improve the cold flowability of the oils, for example by modifying
the crystal structure of the paraffins which precipitate upon cooling. Often, they prevent formation of a three-dimensional
network of the wax crystals and thus diminish the flowability constraints at low temperatures. Usually this comes along
with a lowering of the pour point of the paraffin-containing oils, a reduction of their viscosity and/or a reduction of the
amount of deposits formed on interfaces as for example on pipeline and/or tank surfaces. The pour point is defined as
the lowest temperature at which a sample of petroleum or a petroleum product will continue to flow when it is cooled
under specified standard conditions. Standardized test methods for the measurement of the pour point are for example
DIN ISO 3016, ASTM D97, ASTM D594 or ASTM D7346.

[0004] The chemistry of paraffin inhibitors suited for the treatment of crude oils and/or refined mineral oil products is
widespread. The commercially most relevant types among them are either linear polymers or comb-shaped polymers.
The formerinclude paraffin-like polymethylene domains in the polymeric backbone which may co-crystallize with paraffins,
such as ethylene-vinyl acetate copolymers (EVA) and ethylene-butene copolymers (PE-PEB); the latter have long alkyl
chains (crystallizable appendages) appended to the backbone of the polymer, such as alkyl (meth)acrylate homo- and
copolymers, alkyl esters of styrene-maleic anhydride copolymers, alkyl esters, amides and/or imides of a-olefin-maleic
anhydride copolymers, alkyl fumarate-vinyl acetate copolymers, derivatives of alkyl (meth)acrylate-maleic anhydride
copolymers, etc.. Such polymers share the ability for interaction with the paraffins in their process of crystallization and
aggregation in the oil. By co-crystallization with the paraffins the habit of the paraffin crystals is modified and the impact
of the paraffin crystals on the flow properties of waxy oils is diminished.

[0005] A group of wax inhibitors well-proven during crude oil production, transportation and storage are so-called comb
polymers. These include copolymers of maleic anhydride with a-olefins (MAO-copolymers) esterified with a fatty alcohol.
[0006] Accordingly, GB 1245879 discloses liquid hydrocarbon compositions such as crude oils and petroleum residual
oils containing esters of 1-olefin maleic anhydride copolymers in which the olefins have at least 22 and preferably at
least 30 carbon atoms per molecule and the ester is a behenyl ester comprising predominantly C,4 to C,, alkyl groups.
The copolymers reduce the pour point and the low-temperature viscosity of crude oils.

[0007] However, the comb polymers disclosed in GB 1245879 have a high solidification temperature and require
heating and/or dilution with organic solvents to allow for their application in the oilfield. While the former requires energy
and most often also changes in the infrastructure, for example heated conduits, the latter requires a huge amount of
solvent which is costly and needs to be transported. Over the past years new oilfields have been developed at locations
where the solidification temperature of additives requires particular attention. For example, at remote locations with poor
infrastructure heating is often not viable and cost of transportation of highly diluted additives renders their application
inefficient. Furthermore, additives suitable for application in deepwater oil production, besides being liquid, may not form
precipitates at low temperature (for example at about 4 °C) and often also under high pressure (for example at 70 MPa
and higher) to make sure they will not block the umbilical pipe. Although extensive dilution may result in a low pour point
of these additives this does not necessarily ensure stability of the additive for a longer time as for example over longer
shut-in periods.

[0008] WO 2017/089212 relates to comb copolymers comprising structural units derived from a-olefins having C44 to
Cs alkyl chains, at least two different olefinically unsaturated dicarboxylic acid esters, and optionally maleic acid and/or
maleic anhydride. The olefinically unsaturated dicarboxylic acid esters are, first, esters having a linear C4g to Cs alkyl
group and, second, esters having a short-chain linear, a branched or a cyclic alkyl group, or esters having an aromatic
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group. Exemplified polymers are a-olefin-maleic anhydride copolymers partially esterified with a mixture of linear and
branched respectively linear and cyclic alcohols, all being saturated. The invention further relates to the use of the
copolymers as pour point depressant for crude oil, mineral oil, and/or mineral oil products, preferably as pour point
depressant for crude oil.

[0009] WO 2018/190917 discloses an oil composition comprising a wax inhibitor that includes at least one modified
alpha-olefin maleic anhydride copolymer wherein the alpha-olefin has a hydrocarbyl group containing 6 to 12 carbon
atoms and the polymer is (partially) esterified with alcohols containing a hydrocarbyl group containing 12 to 60 carbon
atoms and wherein the alcohols have an average carbon atom number in a range of from 20 to 32. The ester side chains
may be any combination of optionally substituted straight-chain, branched-chain, or cyclic alkyl, alkenyl, alkynyl, or aryl
groups. According to the teaching of WO 2018/190917, the hydrocarbyl side chain (stemming from the olefin used for
synthesizing the copolymer) is more critical to low temperature stability whereas the ester side chain (stemming from
the alcohols for synthesizing the copolymer) is more critical to the wax inhibiting performance of a modified olefin-maleic
anhydride copolymer. Accordingly, a modified olefin-maleic anhydride copolymerthatincludes relatively shorthydrocarbyl
side chains and relatively long ester side chains can achieve a balance of both good wax inhibiting performance and
low temperature stability. Example 9 of WO 2018/190917 discloses a dodecene-maleic anhydride copolymer esterified
with a mixture of linear C4g to C3, alcohols comprising 13 mol-% of oleyl alcohol. This polymer is shown to be stable in
the cold centrifuge test for 6 hours at 4 °C as a 15 wt.-% solution in xylene. However, in contrast to other examples a
20 wt.-% solution of this polymer fails the cold centrifuge test.

[0010] US 2017/190949 teaches compositions including up to 20 wt.-% of a paraffin inhibiting polymer and a non-
polymeric ester compound, wherein the compositions flow at a temperature between about 0°C and -40°C, or between
about -20°C and -40°C. The non-polymeric ester compounds are liquids at 20°C and atmospheric pressure, and have
boiling points over 100°C in many cases over 200°C. The compositions are useful to inhibit paraffin deposition during
petroleum recovery, refining, storing, and transporting under field conditions, wherein the concentrates are pumpable
and pourable, do not precipitate, and do not exhibit high pressure buildup inside enclosed containers at temperatures
as low as -40°C and as high as 60°C.

[0011] However,the recent approaches forthe design of wax inhibitors which address the handleability of wax inhibitors
for example for deepwater applications sacrifice at least part of the wax inhibiting performance in favor of low temperature
stability. Accordingly, such additives require higher dosage rates than conventional additives as for example those
disclosed in GB 1245879. This deficiency comes along with an extenuated performance especially in waxy crude oils.
Especially problematic waxy crude oils are those having a saturates content of 50 wt.-% and more and especially of 70
wt.-% and more, the saturates content being determined by SARA analysis according to IP 469.

[0012] Accordingly, there is a need for wax inhibitors with high effectiveness in waxy crudes and concurrently having
favorable low temperature properties including low temperature flowability and no segregation of solids. They shall be
suited for treatment of a wide range of crude oils and especially for waxy crudes with economically reasonable efforts
even in remote locations, including deepwater oil production. Particularly it is an object of the invention to provide
improved a-olefin-maleic anhydride copolymers for use as wax inhibitor for hydrocarbon oils. Their effectiveness should
be approximate to the wax inhibitors disclosed in GB 1245879, while concurrently having a favorable rheology and
stability at low temperatures. An improved effectiveness of the wax inhibitor may allow for achieving a lower pour point
temperature with the same dosage rate or for achieving the target temperature with a lower dosage rate, both in com-
parison to the polymers according to the state of the art.

[0013] Surprisingly it was found that more effective wax inhibitors having a lower solidification temperature and an
improved stability at low temperatures are obtained when a copolymer of an ethylenically unsaturated dicarboxylic acid
or its anhydride and a mixture of long-chain a-olefins is esterified with a mixture of essentially saturated fatty alcohols
having 18 to 24 carbon atoms and an unsaturated alcohol having 16 to 24 carbon atoms. Such esterified copolymers
which have long hydrocarbyl side chains and at the same time unsaturated ester side chains exhibit both, good wax
inhibiting performance and good low temperature properties. They are particularly applicable as a wax inhibitor for the
treatment of waxy crude oils and/or in deepwater oil production and transportation.

[0014] In afirst aspect the invention thus provides a wax inhibitor for hydrocarbon oils comprising a copolymer having
repeating structural units derived from an esterified ethylenically unsaturated dicarboxylic acid and a-olefins having at
least 18 carbon atoms, whereof at least 3 mol-% of the a-olefins have 30 or more carbon atoms, and

wherein the ethylenically unsaturated dicarboxylic acid has been esterified with a mixture of alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms.

[0015] In a second aspect the invention provides the use of a wax inhibitor according to the first aspect of the invention
for reducing one or more of pour point, viscosity, yield stress and wax deposition of a hydrocarbon oil.
[0016] In a third aspect the invention provides a method of reducing one or more of pour point, viscosity, yield stress
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and wax deposition of a hydrocarbon oil, the method comprising the addition into said oil of an effective amount of a
wax inhibitor according to the first aspect of the invention.

[0017] Inafourth aspectthe invention provides a process for manufacturing a wax inhibitor according to the first aspect
of the invention, wherein an ethylenically unsaturated dicarboxylic acid or its anhydride and a-olefins having at least 18
carbon atoms, whereof at least 3 mol-% of the a-olefins have 30 or more carbon atoms, are copolymerized in the
presence of a radical chain initiator and the copolymer is subsequently esterified with a mixture of alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms.

[0018] In afifth aspect the invention provides a process for manufacturing a wax inhibitor according to the first aspect
of the invention, wherein an ethylenically unsaturated dicarboxylic acid or its anhydride is esterified with a mixture of
alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms,

and wherein the ester is subsequently copolymerized with a-olefins having at least 18 carbon atoms, whereof at least
3 mol-% of the a-olefins have 30 or more carbon atoms, in the presence of a radical chain initiator.

[0019] In asixth aspectthe invention provides a method of reducing the pour point and/or the viscosity of a wax inhibitor
which is a copolymer having esterified repeating structural units derived from an ethylenically unsaturated dicarboxylic
acid or its anhydride and a-olefins having at least 18 carbon atoms, whereof at least 3 mol-% of the a-olefins have 30
or more carbon atoms, wherein prior to esterification of the ethylenically unsaturated dicarboxylic acid, its anhydride
and/or the copolymer with a saturated fatty alcohol having 18 to 24 carbon atoms, 70 to 97 mol-% of the saturated fatty
alcohol having 18 to 24 carbon atoms are admixed with 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon
atoms. For the avoidance of doubt, the esterification may take place prior to polymerization of the monomers, or after
polymerization. If the esterification takes place prior to polymerization, an esterified ethylenically unsaturated dicarboxylic
acid or its anhydride is polymerized with the a-olefin. If the esterification takes place after polymerization, the ethylenically
unsaturated dicarboxylic acid or its anhydride is polymerized with the a-olefin, and the so obtained copolymer is subse-
quently esterified.

[0020] In a seventh aspect the invention provides an oil composition comprising a hydrocarbon oil and an effective
amount of a wax inhibitor according to the first, fourth or fifth aspect of the invention.

[0021] In a preferred embodiment, the wax inhibitor according to the invention comprises one or more of the repeating
structural units of formulae (2) and/or (3)

wherein

one of R! and R2 is hydrogen and the other one is selected from alkyl groups containing at least 16 carbon atoms
and wherein at least 3 mol-% of the alkyl groups have 28 or more carbon atoms,

n is an integer ranging from 2 to 98

m is an integer ranging from 2 to 98,

n + m is an integer from 5 and 100,

R3 is an alkyl group having from 18 to 24 carbon atoms,

R4 is an alkenyl group having from 16 to 24 carbon atoms, and

RS is selected from hydrogen, R3 and R4,

wherein the molar portion of the groups R4 in respect to the sum of the groups R3 and R4 is between 3 and 30 mol-%
and the molar portion of the groups R3 in respect to the sum of the groups R3 and R4 is between 97 and 70 mol-%.
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[0022] Specifically, when RS is hydrogen, formulae (2) and (3) represent half esters of the dicarboxylic acid. When R5
is an alkyl group R3 or an alkenyl group R4, formulae (2) and (3) represent di-esters (full-esters) of the dicarboxylic acid.
In formulae (2) and (3), the meaning of R® may be the same or different. In formulae (2) and (3), the meaning of R® is
independent from the meaning of R3 respectively R4. Similarly, the meanings of R! and R? are independent from the
meanings of R3, R4 and R5.

[0023] Additionally, the wax inhibitor may further comprise minor amounts of repeating structural units of formulae (4)
and/or (5)

5
(@) ®)

wherein

R' and R? have the meanings given above.

[0024] In a preferred embodiment, the content of repeating units according to formula (4) comprising anhydride groups
and of repeating units according to formula (5) comprising diacid groups taken together is below 30 mol-%, more preferred
between 1 and 20 mol-%, and especially preferred between 5 and 15 mol-%, as for example between 1 and 30 mol-%,
or between 1 and 15 mol-%, or between 5 and 30 mol-%, or between 5 and 20 mol-%, based on the sum of the repeating
structural units (2), (3), (4) and (5). Units according to formula (5) may be formed when water is present during esterification
and/or a transesterification between units of formulae (2) and (3) occurs.

[0025] Optionally the esterified a-olefin-unsaturated dicarboxylic acid copolymer may comprise one or more further
copolymerizable monomers being different from the ethylenically unsaturated dicarboxylic acid, its anhydride, its ester
and the o-olefins. The optional further monomers are preferably selected from the group consisting of esters of acrylic
acid or methacrylic acid, vinyl alkanoates, allyl compounds, vinyl ethers, N-vinyllactams, N-vinylimidazoles, ethylenically
unsaturated aromatics, or a mixture of such monomers.

[0026] In a preferred embodiment, a further monomer is present in the copolymer of the invention. In this case, the
share of the further monomer(s) in the esterified a-olefin-unsaturated carboxylic acid copolymer is preferably from 0.1
to 30 mol-%, more preferably from 0.5 to 20 mol-% and especially preferred from 1 to 10 mol-%, as for example from
0.1 to 20 mol-%, or from 0.1 to 10 mol-%, or from 0.5 to 30 mol-%, or from 0.5 to 10 mol-%, or from 1 to 30 mol-%, or
from 11020 mol-% in respect to the content of a-olefin, esterified unsaturated dicarboxylic acid and the further monomer(s)
in the wax inhibitor.

[0027] In a preferred embodiment, the wax inhibitor according to the invention is a low to medium molecular weight
copolymer. It may be made by any of the methods known in the art, e. g., by mass polymerization or solution polymerization
with free radical initiation. For example, the esterified o-olefin-unsaturated carboxylic acid copolymer may be manufac-
tured by free radical copolymerization of a mixture of the a-olefins and an ethylenically unsaturated dicarboxylic acid or
its anhydride followed by esterification with a mixture of the alcohols (i) and (ii). Similarly, it may be manufactured by
free radical copolymerization of a mixture of the a-olefins with an ester of the ethylenically unsaturated dicarboxylic acid
or its anhydride with a mixture of the alcohols (i) and (ii).

[0028] Preferred ethylenically unsaturated dicarboxylic acids and their anhydrides in the different aspects of the in-
vention are maleic acid, fumaric acid, and maleic anhydride. Especially preferred is maleic anhydride.

[0029] In the context of this invention copolymers of maleic anhydride with a-olefins may be abbreviated as "MAO-
copolymers". This term encompasses polymers comprising repeating structural units of formula (1)

o (o]
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wherein

one of R' and R2 is hydrogen and the other is selected from alkyl groups containing at least 16 carbon atoms and
wherein at least 3 mol-% of the alkyl groups have 28 or more carbon atoms, and
k is an integer ranging from 5 to 100.

[0030] Accordingly, the term "esterified MAO-copolymers" refers to polymers comprising repeating structural units of
formulae (2) and (3). Esterified MAO-copolymers include

1) copolymers manufactured by esterification of a MAO-copolymer comprising repeating structural units if formula
(1) with a mixture of alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms,

as well as

Il) copolymers manufactured by esterification of an ethylenically unsaturated dicarboxylic acid with a mixture of
alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms,

and subsequent copolymerization of the ester with a-olefins having at least 18 carbon atoms and wherein at least
3 mol-% of the a-olefins have 30 or more carbon atoms.

[0031] The term alpha-olefin (or a-olefin, 1-olefin) refers to linear alkenes having a C=C double bond in the 1-position
which often is also referred to as the alpha (o) position. Preferred a-olefins may have an even or an odd number of
carbon atoms. Representative non-limiting examples of suited a-olefins include 1-octadecene, 1-nonadecene, 1-ei-
cosene, 1- heneicosene, 1-docosene, 1-tricosene, 1-tetracosene, 1-pentacosene, 1-hexacosene, 1-octacosene, 1-tri-
acontene, 1-dotriacontene, 1-tetratriacontene, 1-hexatriacontene, 1-octatriacontene, 1-tetracontene, 1-dotetracontene,
1-tetratetracontene, 1-hexatetracontene, 1-octatetracontene, and their mixtures.

[0032] In a preferred embodiment, the wax inhibitor according to the various aspects of the invention is an esterified
copolymer of an ethylenically unsaturated dicarboxylic acid or its anhydride with a mixture of a-olefins wherein the a-
olefins have from 18 to 50 carbon atoms and more preferably from 20 to 42 carbon atoms as for example from 18 to 42,
or from 20 to 50 carbon atoms, and wherein at least 3 mol-% of the a-olefins have at least 30 carbon atoms as for
example from 30 to 50 or from 30 to 42 carbon atoms.

[0033] In a preferred embodiment, the mixture of a-olefins comprises from 4 to 60 mol-%, more preferably from 7 to
40 mol-% and especially preferred from 8 to 30 mol-% as for example from 3 to 60 mol-%, or from 3 to 40 mol-%, or
from 3 to 30 mol-%, or from 4 to 40 mol-%, or from 4 to 30 mol-%, or from 7 to 60 mol-%, or from 7 to 30 mol-%, or from
8 to 60 mol-%, or from 8 to 40 mol-% of a-olefins having 30 and more carbon atoms. In a further preferred embodiment,
the content of a-olefins having more than 50 carbon atoms is preferably below 3 mol-% and more preferably below 1
mol-% of the mixture of a-olefins and especially preferred the mixture of a-olefins is essentially void of a-olefins having
more than 50 carbon atoms.

[0034] Preferred a-olefin mixtures comprise at most 10 mol-%, more preferred at most 5 mol-% and especially preferred
at most 3 mol-% of a-olefins having less than 18 carbon atoms. Often, commercially available higher a-olefins and
especially higher a-olefin mixtures contain branched olefins, internal olefins, paraffins and other components. As they
do not copolymerise under the given reaction conditions, their content is not considered in the calculation of the a-olefin
content.

[0035] A MAO-copolymer as an intermediate for production of the wax inhibitor according to the invention can be
manufactured by copolymerization of a mixture of a-olefin monomers with maleic anhydride in the presence of a radical
chain initiator. As free-radical-initiated copolymerization of maleic anhydride and a-olefins results in essentially alternating
copolymers, the monomers are preferably reacted in an essentially equimolar ratio. Higher contents of maleic anhydride
may be achieved for example by grafting of further maleic anhydride onto the once formed alternating copolymer.
Accordingly, in a preferred embodiment, the o-olefin is copolymerized with 0.2 to 2.0 molar equivalents, more preferably
with 0.6 to 1.5 molar equivalents and especially preferred with 0.8 to 1.3 molar equivalents of maleic anhydride, as for
example with 0.2 to 1.5 molar equivalents, or with 0.2 to 1.3 molar equivalents, or with 0.6 to 2.0 molar equivalents, or
0.6 to 1.3 molar equivalents, or with 0.8 to 2.0 molar equivalents, or with 0.8 to 1.5 molar equivalents of maleic anhydride.
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A surplus of any of the unreacted monomers may be removed from the polymer e.g. by distillation. Often it has been
proven to be advantageous to leave unreacted monomers as for example unreacted a-olefins in the maleic anhydride-
o-olefin copolymer.

[0036] The copolymerization of maleic anhydride with the mixture of olefins can be accomplished by heating a mixture
of the comonomers to a temperature of from 50 °C to 150 °C, preferably from 80 °C to 120 °C, as for example between
50 and 120 °C, or between 80 and 150 °C, and addition of a free radical polymerization initiator such as a dialkyl peroxide,
a diacyl peroxide, a hydroperoxide, a peroxy ester, a peroxy ketal, a peroxydicarbonate, a peracid, or an azo initiator,
as for example di-tert-amylperoxid, tert-butyl hydroperoxide, azobisisobutyronitrile (AIBN), di-benzoyl peroxide (DBPO),
tert-butyl peroxy benzoate, tert-butyl-3,5,5-trimethylperoxyhexanoate (TBPIN), di-tert-butyl peroxide (DTBPO), dicumyl
peroxide or any mixture thereof. Other free radical initiators useful in the context of the present invention are known to
those skilled in the art in order to form a copolymer with the desired molecular weight. The addition of initiator may be
carried out in one or more portions or continuously for example over a time span of for example from 5 minutes to 6
hours. In a preferred embodiment, the o-olefin and optionally part of the maleic anhydride are charged to a reaction
vessel and the remainder of maleic anhydride is added to the vessel over a time span of from 5 minutes to 6 hours in
portions or continuously. In a preferred embodiment, the remainder of maleic anhydride is added over essentially the
same time span as the initiator.

[0037] In a preferred embodiment, the polymerization is made in the presence of a solvent. Preferred solvents are
aprotic organic solvents such as aliphatic and/or aromatic hydrocarbons. The hydrocarbons may, for example, be sat-
urated aliphatic hydrocarbons or mixtures thereof. These may be either paraffinic or naphthenic, i.e. saturated linear or
cyclic hydrocarbons. The hydrocarbons may also be aromatic hydrocarbons or mixtures thereof as for example toluene,
xylene, ethylbenzene, naphthalene and technical mixtures of aromatic hydrocarbons. Technical grade mixtures of aro-
matic solvents are commercially available, for example from the Shellsol® A or the Solvesso® series. In a preferred
embodiment, the polymerization is made in the presence of an aliphatic and/or aromatic hydrocarbon having a boiling
point of at least 175 °C and a flashpoint of at least 60 °C. Preferably, the amount of solvent, if present, is between 5 and
60 wt.-%, more preferably between 10 and 50 wt.-% and especially preferred between 20 and 40 wt.-% as for example
between 5 and 50 wt.-%, between 5 and 40 wt.-%, between 10 and 60 wt.-%, between 10 and 40 wt.-%, between 20
and 60 wt.-% or between 20 and 50 wt.-%, in respect to the sum of monomers, solvent and any further auxiliaries added
to the batch.

[0038] Preferably, the resulting addition polymeric product has a number average molecular weight (M") of about 2,000
to 50,000 Dalton, or about 3,000 to 40,000 Dalton or preferably about 5,000 to 30,000 Dalton as determined by gel
permeation chromatography in THF versus poly(styrene) standards.

[0039] Ina preferred embodiment, the wax inhibitor according to the invention is a MAO-copolymer as described above
which has been esterified with a mixture of alcohols comprising 70 to 97 mol-% of a saturated fatty alcohol (i) having
the general formula (6)

R3-OH (6)
wherein

R3 is an alkyl group having 18 to 24 carbon atoms,
and 3 to 30 mol-% of an unsaturated fatty alcohol (ii) having the general formula (7)

R4-OH )

wherein
R4 in an alkylene group having 16 to 24 carbon atoms.

[0040] In a preferred embodiment, the mixture of alcohols (i) and (ii) comprises 75 to 95 mol-% of a saturated fatty
alcohol (i) having 18 to 24 carbon atoms and 5 to 25 mol-% of an unsaturated alcohol (ii) having 16 to 24 carbon atoms.
[0041] The mixture of alcohols used for the esterification of the MAO-copolymer (1) may comprise a minor amount of
alcohols having longer and/or shorter alkyl respectively alkenyl chains. In a preferred embodiment, the mixture of alcohols
contains less than 15 mol-%, more preferred less than 10 mol-% and especially preferred less than 5 mol-% of alcohols
having 26 or more carbon atoms. In a further preferred embodiment, the mixture of alcohols used for the esterification
of the MAO-copolymer contains less than 7 mol-% and more preferred less than 5 mol-% and especially preferred less
than 3 mol-% of saturated alcohols having 28 or more carbon atoms. In a further preferred embodiment, the mixture of
alcohols contains less than 15 mol-%, more preferred less than 10 mol-% and especially preferred less than 5 mol-%
of alcohols having less than 18 carbon atoms. In a specifically preferred embodiment the mixture of alcohols contains
less than 15 mol-%, more preferred less than 10 mol-% and especially preferred less than 5 mol-% of alcohols having
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26 or more carbon atoms and less than 15 mol-%, more preferred less than 10 mol-% and especially preferred less than
5 mol-% of saturated alcohols having less than 18 carbon atoms.

[0042] Preferred saturated fatty alcohols (i) for the esterification of the MAO-copolymer are primary alcohols. Their
alkyl radicals R3 are preferably linear or at least substantially linear. Substantially linear means that at least 95 mol-%
and especially at least 99 mol-% of the alkyl radicals R3 are linear. Preferred saturated fatty alcohols include 1-octade-
canol, 1-eicosanol, 1-docosanol, 1-tetracosanol and their mixtures. They may be of natural or synthetic origin. Fatty
alcohol mixtures made from fats and oils as for example behenyl alcohol made from rape seed oil or mustard oil are
especially preferred.

[0043] Preferred unsaturated fatty alcohols (ii) for the esterification of the MAO-copolymer are primary alcohols. Pref-
erably the alkylene group R4 has 16 to 20 carbon atoms. The alkylene group R4 may contain one or more as for example
2 or 3 C=C double bonds. Preferably R4 contains one C=C double bond. The alkylene radicals R* are preferably linear
or at least substantially linear. Substantially linear means that at least 95 mol-% and especially at least 99 mol-% of the
alkyl radicals R* are linear. Examples for preferred unsaturated fatty alcohols are myristoleyl alcohol, oley alcohol, linoleyl
alcohol, linolenyl alcohol, elaeostearyl alcohol, erucyl alcohol and their mixtures. Especially preferred is oleyl alcohol.
[0044] In a preferred embodiment, the MAO-copolymer is esterified with 0.6 to 2.2 moles and more preferably with
0.8 to 2.0 moles as for example with 0.6 to 2.0 moles, or with 0.8 to 2.2 moles of the fatty alcohol mixture comprising
saturated fatty alcohol (i) and unsaturated fatty alcohol (ii) per mole of polymerized maleic anhydride. Especially preferred
are partial esters wherein only part of the maleic acid derived carboxylic acid groups are esterified. In this embodiment
the esterification is preferably made with 0.6 to 1.5 moles and preferably with 0.8 to 1.2 moles as for example with 0.6
to 1.2 moles, or with 0.8 to 1.5 moles of fatty alcohol mixture per mole of polymerized maleic anhydride. Preferred partial
esters have an acid number of from 30 to 100 mg KOH/g and especially preferred from 35 to 80 mg KOH/g, determined
by non-aqueous titration of the sample dissolved in a xylene/2-propanol (1/1) mixture with ethanolic KOH.

[0045] Esterification of the MAO-copolymer can be made by procedures well known to those skilled in the art. For
example, half esters can be made by heating the MAO-copolymer and the alcohol mixture comprising (i) and (ii) to a
temperature of from 40 to 120 °C and preferably from 60 °C to 100 °C for 0.5 to 24 hours. Often the presence of an
acidic catalyst has proven to be advantageous. The presence of a catalyst is especially advantageous when complete
or at least almost complete esterification is intended. Preferred acid catalysts include Lewis acids, Bronsted acids
(including phosphoric acid), organic acids, substantially nonvolatile inorganic acids and their partial esters, and heter-
opolyacids. Particularly suitable esterification catalysts include alkyl, aryl or alkylaryl sulfonic acids, such as for example
methane sulfonic acid, naphthalene sulfonic acid, p-toluene sulfonic acid, and dodecyl benzene sulfonic acid. Suitable
acids may also include aluminum chloride, boron trifluoride, dichloroacetic acid, hydrochloric acid, iodic acid, phosphoric
acid, nitric acid, acetic acid, oxalic acid, stannic chloride, titanium tetraisopropoxide, dibutyltin oxide, and trichloroacetic
acid. Similarly, acidic organic and inorganic ion exchange resins have proven to catalyse the esterification.

[0046] Ina preferred embodiment, the esterification is made in the presence of a solvent. Preferred solvents are aprotic
organic solvents such as aliphatic and/or aromatic hydrocarbons. The hydrocarbons may, for example, be saturated
aliphatic hydrocarbons or mixtures thereof. These may be either paraffinic or naphthenic, i.e. saturated cyclic, hydro-
carbons. The hydrocarbons may also be aromatic hydrocarbons or mixtures thereof as for example toluene, xylene,
naphthalene and technical mixtures of aromatic hydrocarbons. Technical grade mixtures of aromatic solvents are com-
mercially available, for example from the Shellsol® A or the Solvesso® series. In a preferred embodiment, the solvent
has a boiling point of at least 175 °C and a flashpoint of at least 60° C. Preferably, the amount of solvent, if present, is
from 5 to 60 wt.-%, more preferably from 10 to 50 wt.-% and especially preferred from 20 to 40 wt.-% as for example
from 5 to 50 wt.-%, from 5 to 40 wt.-%, from 10 to 60 wt.-%, from 10 to 40 wt.-%, from 20 to 60 wt.-% or from 20 to 50
wt.-%, in respect to the sum of MAO-copolymer, fatty alcohols, solvent and any further auxiliaries added to the reaction
batch. The solvent used in the esterification step may be the same the solvent as used for the polymerization above, or
it may be different. Complete esterification (R® = R3 and/or R#) requires elimination of reaction water which can be
achieved for example by azeotropic distillation with an aliphatic or aromatic organic solvent or by stripping the reaction
water with a purge of nitrogen @ e.g. 150 °C from high boiling solvents. Preferred complete esters have acid number
below 30 mg KOH/g and especially preferred below 20 mg KOH/g.

[0047] In a further preferred embodiment, the wax inhibitor according to the various aspects of the invention can be
manufactured by esterification of an ethylenically unsaturated dicarboxylic acid or its anhydride with a mixture of alcohols
(i) and (ii) prior to its polymerization with the mixture of a-olefins. In this embodiment, the preferred dicarboxylic acids,
dicarboxylic acid anhydrides, olefins, alcohols and their molar proportions as well as the reaction conditions for polym-
erization and esterification are the same as described above for the reverse reaction sequence.

[0048] In the use according to the second aspect of the invention and the method according to the third aspect of the
invention, the esterified MAO-copolymer can be applied as such. However, for the ease of handling formulations of the
esterified MAO-copolymer in an organic solvent are preferred. Preferred solvents are those allowing for a homogeneous
dispersion and especially for a homogeneous solution of the esterified MAO-copolymer at least at temperatures above
the pour point of the formulation. Preferred organic solvents are selected from alkyl aromatic hydrocarbons, saturated
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aliphatic hydrocarbons, saturated aliphatic alcohols, and any mixture thereof. Especially preferred solvents are those
having a flashpoint above 60° C, since fewer restrictions must be observed for transport and storage of the concentrates
when such solvents are used.

[0049] A first group of preferred solvents are alkyl aromatic hydrocarbons. Examples for preferred alkyl aromatic
hydrocarbons are toluene, ethylbenzene, xylene, diethylbenzene, naphthalene and their mixtures. A second group of
preferred solvents are saturated aliphatic hydrocarbons. These may be either paraffinic or naphthenic, i.e. either saturated
linear or cyclic hydrocarbons. Examples for preferred saturated aliphatic hydrocarbons include decane, n-undecane, n-
dodecane, tetralin, decalin and their mixtures. Especially preferred are technical solvent mixtures such as Shellsol®,
Exxsol®, Isopar®, Solvesso® grades, Solvent Naphtha and/or kerosene. In a preferred embodiment, the organic solvent
comprises at least 10% by weight, preferably from 20 to 100% by weight, and especially preferred from 30 to 90% by
weight, as for example from 10 to 100 % by weight, or from 20 to 90 % by weight, or from 30 to 100 % by weight of alkyl
aromatic constituents.

[0050] A further group of preferred solvents are saturated aliphatic alcohols having at least eight carbon atoms and
esters of saturated aliphatic carboxylic acids and saturated aliphatic alcohols. Examples of suitable alcohols include 1-
octanol, 2-ethylhexanol, 1-decanol, 1-dodecanol and iso-tridecanol. Examples of suitable esters include esters of satu-
rated fatty acids having at least eight carbon atoms with saturated aliphatic alcohols, for example methyl laurate or
methyl stearate. Technical grade mixtures of different aliphatic esters are commercially available. In a further embodiment
of the invention, it is preferred to use esters of aliphatic or cycloaliphatic dicarboxylic acids, for example dialkyl esters
of cyclohexane-1,2-dicarboxylic acid such as diisononyl cyclohexane-1,2-dicarboxylate.

[0051] Preferred formulations contain from 10 to 99 wt.-%, more preferably from 25 to 95 wt.-% and especially preferred
from 50 to 90 wt.-% as for example from 10 to 95 wt.-%, or from 10 to 90 wt.-%, or from 25 to 99 wt.-%, or from 25 to
90 wt.-%, or from 50 to 99 wt.-%, or from 50 to 95 wt.-% of an organic solvent respectively a mixture of organic solvents.
[0052] In a preferred embodiment, formulations of the esterified MAO-copolymer according to the invention may
comprise one or more further components including but not limited to an antioxidant, a corrosion inhibitor, an asphaltene
inhibitor, an additional wax inhibitor that differs in its chemical nature from the polymer compositions of the invention, a
wax dispersant, a scale inhibitor, an emulsifier, a dispersant, an emulsion breaker, a gas hydrate inhibitor, a biocide, a
pH modifier, and a surfactant. Especially preferred surfactants are anionic surfactants as for example organic sulfonic
acids including but not limited to paratoluene sulfonic acid and dodecyl benzenesulfonic acid. These further components
may be present from 0 to 10 percent by weight each but not more than 80 percent by weight in total, based on total
weight of the composition.

[0053] Preferably, the concentration of the esterified MAO-copolymer in formulations is from 1 to 90 wt.-%, more
preferably from 5 to 75 wt.-% and especially preferred from 10 to 50 wt.-%, as for example from 1 to 75 wt.-%, or from
1 to 75 wt.-%, or from 5 to 90 wt.-%, or from 5 to 50 wt.-%, or from 10 to 90 wt.-%, or from 10 to 75 wt.-%, based on the
sum of all components contained in the formulation.

[0054] The wax inhibitor according to the present invention and its formulations have superior low temperature flow
and stability properties including a high resistance against gelling and precipitation paired with excellent wax inhibiting
performance in hydrocarbon oils. Their wax inhibiting performance in hydrocarbon oils leads to the reduction of one or
more of pour point, viscosity, yield stress and/or wax deposition of the oil. They are especially suited for improving the
pour point, viscosity, yield stress and/or wax deposition of crude oils and products produced therefrom, for example
heating oils, lube oils, bunker oils, residue oils and mineral oils that contain a residue oil. The term crude oil includes all
hydrocarbon oils produced by an oil well, including gas condensate and bitumen. Accordingly, the wax inhibitor may be
used as an additive in hydrocarbon oil production and transportation for improving the low temperature properties of the
oil. The wax inhibitor is particularly effective as a wax inhibitor for waxy crude oils having a saturates content of above
50 % and often of above 70 % according to SARA analysis. With its balanced performance and low temperature flow
properties, this wax inhibitor is splendidly suited for application under temperature and pressure conditions encountered
in deepwater operations.

[0055] Typically, additized hydrocarbon oils contain from 50 to 10.000 ppm and preferably from 100 to 5.000 ppm, as
for example from 50 to 5.000 ppm, or from 100 to 10.000 of the wax inhibitor according to the invention.

[0056] Preferably, the wax inhibitor according to the invention is added to the hydrocarbon oil in an amount of 0.005
wt.-% to 1.0 wt.-%, and preferably in an amount of 0.01% to 0.50 wt.-% as for example from 0.005 to 0.50 wt.-%, or from
0.01 to 1.0 wt.-% in order to effectively reduce pour point, viscosity and/or yield stress of the hydrocarbon oil and/or to
inhibit wax deposition. Preferably, the wax inhibitor is added to the hydrocarbon oil before the precipitation of waxes has
commenced, i.e. at a temperature above the wax appearance temperature. The wax appearance temperature may be
determined for example by Differential Scanning Calorimetry (DSC).

[0057] The point of addition of the wax inhibitor to the crude oil is suitably chosen by the person skilled in the art. The
addition can take place, for example, in the formation, in the well, at the wellhead or to a pipeline.

[0058] In one embodiment, the wax inhibitor or a formulation thereof is injected into a crude oil pipeline. The injection
preferably takes place at the oilfield, i.e. at the start of the crude oil pipeline, but the injection can of course also be
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affected at another site. For example, the pipeline may be one leading onshore from an offshore platform. The wax
inhibitor can prevent blockage of the pipeline when the crude oil cools down during transport in the pipeline. This risk is
naturally particularly pronounced when the pipeline is in a cold environment, for example in a deepwater or an Arctic
environment.

[0059] In a further embodiment of the invention, the wax inhibitor or a formulation thereof is injected into a production
well. In one embodiment, the production well may be an offshore production well. The injection can take place, for
instance, at the site where oil flows out of the formation into the production well. In this manner, the solidification of the
crude oil in the production well and in downstream transport pipelines, an excessive increase in the viscosity thereof
and the constriction of pipe cross sections by paraffin deposits can be prevented.

[0060] In a specifically preferred embodiment, formulations of the wax inhibitor according to the invention have been
successfully applied in deepwater applications where injection in the well or at the wellhead is made via an umbilical. In
the oil and gas industry umbilical refers to the connections used offshore between the subsea equipment and platforms
or floating production units and enables the control from the surface. This allows, besides others, chemical injection via
aflexible string directly into the well. However, with the development of the offshore exploration and production, especially
of the deep offshore, the umbilicals are getting longer to reach several kilometres. With the temperature being low and
the pressure high, such application requires improved stability of the additives against gelling and precipitation to prevent
plugging of the umbilical.

EXAMPLES

[0061] The reactants and solvents used for preparation of the wax inhibitors (WI) are characterized in tables 1a, 1b
and 1c. They were all technical grade if not indicated otherwise. The composition of a-olefins and fatty alcohols was
determined by GC. The obtained contents of a-olefins respectively fatty alcohols in wt.-% were converted to molar %
by multiplying the individual components’ content in the sample with its molecular weight and relating its molar content
to the sum of the contents of all a-olefins respectively fatty alcohols in the sample.

[0062] The molecular weights of the intermediate MAO-copolymers were determined via gel permeation chromatog-
raphy in THF against poly(styrene) standards. The polydispersity PDI is determined by the quotient Mw/Mn.

[0063] Acid numbers of the intermediate MAO-copolymers as well as acid numbers of the esterified wax inhibitors
were determined by potentiometric titration of the reaction products upon further dilution with xylene/2-propanol = 1/1
(v/v) mixture. Therefore, an aliquot of the reaction batch was weighed into a 150 ml-beaker and dissolved with about 80
ml of xylene/2-propanol = 1/1 (v/v) mixture. In an automated titroprocessor (Metrohm Titrando 907) equipped with an
electrode for non-aqueous acid/base titrations (Metrohm Nr. 6.0203.300) this solution was titrated with potassium hy-
droxide volumetric solution in ethanol, ¢ = 0,1 mol/l up to the equivalence point.

[0064] The dry matter of MAO-copolymers and wax inhibitors was determined by drying the polymer solutions in a
vacuum oven whereby the dry matter is the part of the tested solution in percent per weight which remains in the drying
dish after drying for 4 hours at 170 °C and 20 mbar.

[0065] Pour points were measured according to ISO 3016.

[0066] All percent values are given in percent by weight unless otherwise specified.

Table 1a: Composition of alpha-olefins (AO) used as raw materials (main components; mol-%)

Olefin AO1 AO2 AO 3 AO4
<CogHas 1.2
CooHao 44.1 45.0
CooHag 34.2 26.2
CosHaug 19.5 14.9
CeHsy 0.9 5.5 0.1
CogHss 33 5.9 9.8
CaoHeo 2.1 28.0 25.4
CaoHes 12 20.8 185
CasHes 0.7 14.3 13.1
CagHrs 0.5 9.7 9.4
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(continued)

Olefin AO1 AO2 AO 3 AO4
CagH7g 0.3 6.7 6.6
CyoHgo 0.2 48 47
CyoHgy 0.1 3.3 3.3
CyqHgg 0.1 23 2.3
CueHoo 1.5 1.6
CugHgg 1.0 3.3
CsoH100 0.7 1.2
CsoHq04 04 0.9
Cs4H108 0.3 0.6
CsgHq12 0.2 04
CsgH116 0.1 0.2
CeoH120 0.1 0.1
CeoH124 0.04 0.1
CeaH128 0.03 0.1
CesH132 0.02 0.1
2(Cz04) 0.0 5.2 94.1 90.0
Average MW 301.2 g/mol 312 g/mol 477 g/mol 481 g/mol

Table 1b: Composition of saturated fatty alcohols (LA) used (mol-%)

LA1 LA2 LA3 LA4 LAS

C46H33-OH 98 26,2 55,6

C4gH37-OH 7,1 33,0 4,1

CyoH44-OH 14,1 30,7 6,2

CyoHy5-OH 78,5 7,7 34,0

Cy4Hyg-OH 0,2 11,9 2,4 0,1

CyeHs3-OH 35,0

CygHs7-OH 8,1

C3gHgq-OH 21,2

CgyHgs-OH 12,1

Cs4Hge-OH 6.6

CggH745-OH 3,5

CsgH77-OH 1,6

Average MW | 271 g/mol | 260 g/mol | 390 g/mol | 259 g/mol | 262 g/mol

1"
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Table 1c: Characterization of further raw materials used

AO5 A mixture of 99,9 mol-% 1-dodecene and 0,1 mol% 1-tetradecene
OA1 Oleyl alcohol, comprising as main components
Oleyl 76 (75.3
alcohol wt.-  mol-
% %)
Myristyl 4wt- (5,0
alcohol %  mol-
%)
Cetyl 18 (19,7
alcohol wt.-  mol-
% %)
Mean molecular weight
approximately 260 g/mol
OA2 Oleyl alcohol, analytical grade, 98 %, Mw = 268,5 g/mol
Cyclohexanol | Cyclohexanol, analytical grade
2-EH 2-Ethylhexanol, analytical grade
ISOFOL® 32 Tetradecyloctadecanol (C, Guerbet alcohol) obtained from Sasol
Solvesso Aromatic fluid produced from petroleum-based raw materials
100D having an aromatic content of at least 99%. It is composed

primarily of Cg.C4 dialkyl and trialkylbenzenes (from Shell).

Aromatic 150

High flash (63°C) aromatic naphtha, produced from petroleum-
based raw materials. Consists essentially of C,, aromatic

hydrocarbons (from Exxon).

Xylene Mixture of xylene isomers, including ethylbenzene
p-Tss para-toluenesulfonic acid

DTBP Di-tert-butyl peroxide

MSA Methane sulfonic acid

MAH Maleic anhydride

DDBSA Dedecylbenzenesulfonic acid

General method for the preparation of maleic anhydride a-olefin copolymers MAO 1 to MAO 11:

[0067] A 1L five neck glass reactor equipped with overhead agitator, reflux condenser, nitrogen inlet, thermo couple,
heating bath and peristaltic pump, was charged with maleic anhydride, the a-olefins and the solvent in the ratios given
in table 2, wherein the share of solvent in the reaction batch was 40 wt.-%, if not indicated otherwise. The mixture was
heated to 135 °C and rendered inert by flushing with 100 L/h nitrogen subsurface purge for 30 minutes while heating.
After reaching the targeted temperature, the nitrogen flow was reduced to 10 L/h and applied above the surface of the
reaction mixture. Di-tert-butylperoxide was dosed continuously over four hours whereby the temperature was maintained
at 135 °C to 140 °C. Subsequently, the reaction mixture was stirred at 137 =3 °C for a further three hours. Further details
for the syntheses of MAO polymers 1 to 11 are given in table 2. The molar shares of the a-olefins used for synthesis of
MAO 1 to 11 and the resulting contents of a-olefins having 30 or more carbon atoms are given in table 3 together with
selected properties of the MAO-copolymers 1 to 11 thus produced.

Table 2: Synthesis of MAO-copolymers (MAO 1 to MAO 11)

MAO MAH a-olefin (1) a-olefin (Il) DTBP Solvent
[mol] grade [mol] grade [mol] [mol]
1 1,43 AO1 0,57 AO3 0,42 0,046 Solvesso 100D
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(continued)
MAO MAH a-olefin (1) a-olefin (1) DTBP Solvent
[mol] grade [mol] grade [mol] [mol]

2 1,43 AO2 0,57 AO3 0,66 0,046 Solvesso 100D
3 1,43 AO1 0,57 AO4 0,66 0,046 Xylene
4 0,56 AO2 0,40 AO3 0,26 0,019 Solvesso 100D
5 0,56 AO2 0,28 AO3 020 0,018 Solvesso 100D
6 0,56 AO2 0.33 AO3 0,15 0,018 Solvesso 100D
7 0,56 AO2 0,38 AO3 0,10 0,018 Aromatic 150
8 0,56 AO2 0,43 AO3 0,09 0,018 Solvesso 100D
9 0,56 AO2 0,48 - - 0,018 Solvesso 100D

10 (comp.) 1.43 AO1 1.43 - - 0,029 -

11 (comp.) 0.67 AO5 0.72 - - 0,034* Aromatic 150 (25 wt.-%)
MAO 10 is a comparative example according to WO 2017/089212, Copolymer 1 (polymerized in substance)
MAO 11 is a comparative example according to WO 2018/190917, Experiment 9 (polymerized in Aromatic 150).
* The initiator used here is dicumyl peroxide.

Table 3: Calculation of the share of a-olefins having 30 and more carbon atoms and selected properties of MAO-
copolymers MAO 1 to MAO 11

MAO o-Otefins Copolymer
o-olefin (1) o-olefin (Il) o-olefins Acid GPC
>Cjy number
mol % grade mol % grade [mol %] [mg Mw [Da] PDI
KOH/g]
1 57,6 AO1 42,4 AO3 39,9 147 11,000 1.95
2 46,3 AO1 53,7 AO3 50,5 148 10,800 1.93
3 46,3 AQ1 53,7 AO4 50,5 146 13,800 2.16
4 60,6 AO2 39,4 AO3 40,2 133 10,860 1.63
6 68,8 AO2 31,3 AO3 33,0 140 8,650 1.56
8 82,7 AO2 17,3 AO3 20,6 129 7,300 1.69
9 100,0 AO2 0,0 - 5,2 149 6,400 1.65
10 (comp.) 100,0 AO1 0,0 - - 214 10,800 2.23
11 (comp.) 100,0 AO5 0,0 - - 223 5,200 2.41

Generalmethod forthe preparation of waxinhibitors WI 1 to W1 40 by esterification of maleic anhydride a-olefin copolymers
MAO 1 to MAO 11:

[0068] A five neck glass reactor equipped with overhead agitator, reflux condenser, nitrogen inlet, thermocouple and
heating bath, was charged with part of the MAO-copolymer as obtained from the polymerization reaction together with
the mixture of alcohols as specified in table 4, together with solvent (Solvesso 100D, Aromatic 150 or xylene, all at 55
wt.-% of the reaction batch) and acidic catalyst (p-toluene sulfonic acid or methane sulfonic acid).

[0069] For manufacturing of wax inhibitors W1 1 to WI 19 (except WI 9 and WI 13), the batches were heated under a
blanket of nitrogen to 95+2 °C and stirred at this temperature for 5 hours.

[0070] For manufacturing of wax inhibitors WI 9 and WI 13, the reflux condenser was substituted by a Dean-Stark
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trap. The batches were heated under a blanket of nitrogen to 140+5 °C and stirred at this temperature for 5 h while
removing the water formed.

[0071] The amounts of alcohols used for the esterification of MAO 1 to MAO 11 to give wax inhibitors W1 01 to WI 19
given in table 4 are molar equivalents in respect to the moles of maleic anhydride used for manufacturing the respective
MAO-copolymer. The portion of the unsaturated alcohol given in table 4 is calculated from the amount of alcohols used
and their composition according to tables 1b and 1c.

Table 4: Alcohols and their molar equivalents reacted per mole of MAH incorporated in the respective MAO-copolymer
for preparation of the wax inhibitors WI 1 to WI 19 and selected characteristics of the obtained wax inhibitors WI 1 to

W1 19
Wi MAO Alcohol Esterified polymer
alcohol | alcolol 11 unsaturated Acid Mw Pour
number Point
[mol [grade] [mol [grade] [mol-%] [mg [Da] 40%
eq] eq.] KOH/g] act.
[°Cl
1 1 1,04 LA2 0,07 OA1 4.8 45,9 22600 18
2 1 0,96 LA2 0,12 OA1 8,4 50,3 20700 15
3 1 1,00 LA2 0,09 OA1 6,3 40,7 19100 15
4 1 0,77 LA2 0,23 OA1 17,5 42,0 19000 12
5 2 0,97 LA2 0,12 OA1 8,4 471 19800 15
6 2 0,78 LA2 0,23 OA1 17,3 453 19800 15
7 3 0,78 LA2 0,24 OA1 17,9 446 26700 12
8 2 0,71 LA2 0,34 OA1 24 .4 483 10300 9
9 4 1,53 LA2 0,48 OA1 17,9 8,7 16800 15
10 4 0,75 LA2 0,23 OA1 17,8 46,3 13700 15
11 6 0,81 LA5 0,24 OA1 17,4 46.5 13000 12
12 8 0,77 LA2 0,23 OA1 17,5 45,6 10900 15
13 9 1,41 LA3 0,39 OA1 16,6 12,7 14200 12
14 9 0,77 LA2 0,23 OA1 17,5 46,7 10400 12
15 9 0,65 LA2 - - - 47 .4 18900 24
(comp.)
16 10 0,60 LA4 0,40 2-EH - 49.3 15900 9
(comp.)
17 10 0,60 LA4 0,40 Cyclohexanol - 48.8 16200 9
(comp.)
18 11 1,16 LA3 0,17 OA2 12,8 314 7100 15
(comp.)
19 1 0,92 LA2 0,00 - - 46.8 17.200 24
(comp.)
Wax inhibitors W1 16 and WI 17 are comparative examples according to WO 2017/089212.
WI 18 is a comparative example according to WO 2018/190917, example 9.
WI 19 is a comparative example according to GB 1245879.

14




EP 4 326 840 B1

Sl /8L | 00LLL 61 %8’Lc LVO LE'0 v €90 4%°] cov G'vS 36}/ G'sy ¥4
cl 90z | 0065} 9¢L % 8°'L¢ VO L€0 A4 €90 6¢l cov L'8 cov €16 | 0C
[0.] Iad | lealmn | [B/HOM Bui] [%-low] [epeiB] | ['bajow] | [epesb] | [ba (% low] apeib | % jow | epelb | % Jow
pajeiniesun Z loyooje | [oyoole 0gD< aJeys (11) uysjo-o (1) uysjo-o
JoB %0¥ Julod Inod Jd9 JdquINN ploY S|0YoolY sulsjo-0 IM
LZ PuUe 0z IM SJolqgiyul xem jo uonesedald Joj pasn sjoyodje pue suysjo eyde jo apupAyue dlsjew 0y 3oadsal ul sjus|eainba Jejo| :G ajqe |
© S 2 & & 3 3 ] < 3 3

15



10

15

20

25

30

35

40

45

50

55

EP 4 326 840 B1
[0072] The share of a-olefins >Cs is calculated from the composition of the individual a-olefin grades used.

General method for the preparation of wax inhibitors W1 20 and WI 21 by esterification of maleic anhydride with a mixture
of alcohols and subsequent copolymerization with a-olefins:

[0073] A 1L five neck glass reactor equipped with overhead agitator, reflux condenser, nitrogen inlet, thermo couple,
heating bath and peristaltic pump, was charged with maleic anhydride, the a-olefins, the alcohols, and xylene in the
ratios given in table 5, wherein the share of xylene in the reaction batch was 20 wt.-%. The mixture was heated to 135
°C and rendered inert by flushing with 80 L/h nitrogen subsurface purge for 30 minutes while heating. The reaction
mixture is stirred at this temperature for 5 h until esterification is complete as indicated by constant acid number. Sub-
sequently, di-tert-butylperoxide was dosed continuously over six hours whereby the temperature was maintained at 135
°C to 140 °C. Subsequently, the reaction mixture was stirred at 1455 °C for a further 10 hours.

[0074] The pour points of the wax inhibitors WI 1 to WI 21 given in tables 4 and 5 were determined upon dilution of
the polymeric esters with xylene to a polymer content of 40 wt.-%.

[0075] The wax inhibiting performance of the polymers according to the invention was determined by their pour point
depression of various waxy crude oils. The characterization of the crude oils is given in table 6. SARA analysis was
made by latroscan TLC-FID according to IP 469.

Table 6: Characterization of crude oils according to SARA

crude oil A | crude oil B | crude oil C | crude oil D
S(aturates) 72 % 76 % 78 % 71 %
A(romatics) 16 % 10 % 15 % 15 %
R(esins) 6 % 10 % 6 % 4%
A(spalthenes) 6 % 4 % 1% 10 %
Pour Point 30°C 24 °C 30°C 27 °C

[0076] The pour point depression of the wax inhibitors was determined by ASTM D5853. 2,000 ppm of the 40 % active
inhibitor formulations were dosed into the in crude oils A, B, C respectively D at an oil temperature of 80 °C. The automatic
pour point measurements were started at a temperature 9 °C above the crude oil pour point. Table 7 shows the pour
points obtained upon addition of the various wax inhibitors.

Table 7: Pour points obtained with WI 1 to 21 in different crude oils

WI Crude OilA | Crude QilB | CrudeQilC | CrudeQilD
none (blank) 30 24 30 27
1 15 15 12 15
2 15 18 18 18
3 15 18 15 15
4 15 18 18 18
5 15 15 15 15
6 15 15 15 15
7 18 18 15 18
8 18 18 18 18
9 15 15 12 18
10 15 15 15 18
11 18 15 18 18
12 15 15 15 18
13 15 15 12 18
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(continued)

WI Crude OilA | Crude QilB | CrudeQilC | CrudeQilD
14 15 15 15 15
20 15 18 15 18
21 12 15 15 15
15 (comp.) 21 21 24 24
16 (comp.) 21 21 27 24
17 (comp.) 21 21 30 21
18 (comp.) 30 21 30 24
19 (comp.) 12 15 12 15

[0077] Taken together, the pour points of the 40 % active wax inhibitor formulations given in tables 4 and 5 and the
pour point reductions achieved in the various crude oils (table 7) show a superior combination of cold flow behavior and
pour point depression of the wax inhibitors according to the invention in comparison to the wax inhibitors according to
the state of the art.

Assessment of suitability for application at deepwater conditions

[0078] For being suited for use in deepwater applications, a wax inhibitor formulation needs to remain flowable at
temperatures down to 4°C or below. Additionally, for application via an umbilical, it shall not form a precipitate which
may block the line. For assessment of suitability for such application, wax inhibitor formulations containing 25 wt.-% of
a wax inhibitor in xylene were stored in a fridge at 4 °C. After storage for 24 h, the samples were inspected visually (vis.
app.) for turbidity as a measure for precipitates. Additionally, they were tilted 90° for assessment of their flowability. The
results are given in table 8.

Table 8: Assessment of the wax inhibitors’ flowability and visual appearance upon storage at4°C for 24 hours

il Before test @ 22 °C After 24 h storage @ 4 °C
Flowability Vis. app. Flowability Vis. app.

2 Liquid Clear Liquid Clear
8 Liquid Clear Liquid Clear
20 Liquid Clear Liquid Clear
21 Liquid Clear Liquid Clear
16 (Comp) Liquid Clear Liquid Clear
19 (Comp) Liquid Clear Solid Turbid

[0079] At ambient, all wax inhibitors tested were homogeneous liquids in 25 % active solution. Upon storage at 4°C
all wax inhibitors according to the invention remained clear liquids. In contrast, comparative Wl 19 was a waxy solid
while; WI 16 while also being liquid and clear, showed insufficient pour point depression when added to test oils A, C,
D and E (see Table 7).

[0080] For application in regions with cold climate and/or during wintertime, wax inhibitor formulations need to remain
pumpable at changing temperatures, e.g. repeatedly changing from ambient to well below the freezing point. For con-
centrated wax inhibitor formulations according to the state of the art this often poses a problem.

[0081] For testing the cold temperature change stability, 7 wt.-% active solutions of different wax inhibitors in xylene
were prepared by stirring the wax inhibitor in xylene for 1/2 hours at 60 °C. The thus obtained formulations were stored
in a programmable cold chamber at 22 °C, cooled to -12 °C, thawed to 22°C and subsequently cooled to -12 °C according
to the following scheme:

Interval i: 6 hours at 22+1 °C
Interval ii: 16 hoursat-12+0.5°C
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(continued)

Interval iii: 6 hours at 22+1 °C
Intervaliv: 16 hoursat-12+0.5°C

[0082] At the end of each interval the samples were inspected visually (vis. app.) for turbidity as a measure for pre-
cipitates and they were tilted 90° for assessment of their flowability. The results are shown in table 9.
[0083] The wax inhibitors according to the invention remained liquid and clear or at least slightly hazy (WI2) through
the cold cycles. In contrast, comparative WI 16 gelled during the second cold cycle and WI 19 solidified at -12 °C and
remained cloudy after the first thawing.

Table 9: Assessment of cold temperature change stability of wax inhibitor formulations

Wi Interval i (22 °C) Interval i (-12 °C) Interval iii (22 °C) Interval iv (-12 °C)
Flowability Vis. Flowability Vis. Flowability | Vis. App. | Flowability Vis.
App. App. App.
2 Liquid Clear Liquid Slightly Liquid Clear Liquid Slightly
hazy hazy
8 Liquid Clear Liquid Clear Liquid Clear Liquid Clear
20 Liquid Clear Liquid Clear Liquid Clear Liquid Clear
21 Liquid Clear Liquid Clear Liquid Clear Liquid Clear
16 (Comp) Liquid Clear | Viscous Liquid Clear Liquid Clear Gel Clear
19 (Comp) Liquid Clear Solid Turbid Liquid Cloudy Solid Turbid
Claims

A wax inhibitor for hydrocarbon oils comprising an esterified copolymer having repeating structural units derived
from an esterified ethylenically unsaturated dicarboxylic acid and a-olefins having at least 18 carbon atoms, whereof
atleast 3 mol-% of the a-olefins have 30 or more carbon atoms, and wherein the ethylenically unsaturated dicarboxylic
acid has been esterified with a mixture of alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms.

A wax inhibitor according to claim 1, wherein the a-olefin is a mixture of a-olefins having from 18 to 50 carbon atoms

A wax inhibitor according to claim 1 or 2, wherein the mixture of a-olefins contains from 3 to 60 wt.-% of a-olefins
having 30 and more carbon atoms.

A wax inhibitor according to one or more of claims 1 to 3, wherein mixture of a-olefins comprises at most 10 wt.-%
a-olefins having 18 or less carbon atoms.

A wax inhibitor according to one or more of claims 1 to 4, wherein the ethylenically unsaturated dicarboxylic acid is
selected from maleic acid, fumaric acid, and maleic anhydride with maleic anhydride being especially preferred.

A wax inhibitor according to one or more of claims 1 to 5, wherein the mixture of alcohols used for the esterification
of the copolymer contains less than 15 mol-% of alcohols having 26 or more carbon atoms.

A wax inhibitor according to one or more of claims 1 to 6, wherein the mixture of alcohols used for the esterification
of the copolymer contains less than 7 mol-% of saturated alcohols having 28 or more carbon atoms.

A wax inhibitor according to one or more of claims 1 to 7, wherein the mixture of alcohols used for the esterification
of the copolymer contains less than 15 mol-% of alcohols having less than 18 carbon atoms.
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A wax inhibitor according to one or more of claims 1 to 8, wherein the saturated fatty alcohol is selected from 1-
octadecanol, 1-eicosanol, 1-docosanol, 1-tetracosanol and their mixtures.

A wax inhibitor according to one or more of claims 1 to 9, wherein the unsaturated fatty alcohol is selected from
myristoleyl alcohol, oleyl alcohol, linoleyl alcohol, linolenyl alcohol, elaeostearyl alcohol, erucyl alcohol and their
mixtures.

A wax inhibitor according to one or more of claims 1 to 10, wherein the unsaturated fatty alcohol is oleyl alcohol.
A wax inhibitor according to one or more of claims 1 to 11, wherein the copolymer is esterified with 0.6 to 2.2 moles
of the fatty alcohol mixture comprising saturated fatty alcohol (i) and unsaturated fatty alcohol (ii) per mole of

polymerized ethylenically unsaturated dicarboxylic acid.

A wax inhibitor according to one or more of claims 1 to 12, wherein the copolymer comprises one or more of the
repeating structural units of formula (2) and/or (3)

wherein

one of R1or R2is hydrogen, and the other one is selected from alkyl groups containing at least 16 carbon atoms,
and wherein at least 3 mol-% of the alkyl groups have 28 or more carbon atoms,

n is an integer ranging from 2 to 98,

m is an integer ranging from 2 to 98,

n + m is an integer from 5 to 100,

R3 is an alkyl group having 18 to 24 carbon atoms,

R4 is an alkenyl group having 16 to 24 carbon atoms, and

RS is selected from hydrogen, R3 and R4,

wherein the molar portion of the groups R# in respect to the sum of the groups R3 and R# is between 3 and 30 mol-
% and the molar portion of the groups R3 in respect to the sum of the groups R3 and R4 is between 97 and 70 mol-%.

A wax inhibitor according to one or more of claims 1 to 13, wherein the copolymer additionally comprises up to 30
mol-% of repeating structural units (4) and/or (5)

O
O
1 T //f:o

5
(@) ®)

R2

wherein
one of R! or R is hydrogen, and the other one is selected from alkyl groups containing at least 16 carbon atoms,
and wherein at least 3 mol-% of the alkyl groups have 28 or more carbon atoms.

15. A wax inhibitor according to one or more of claims 1 to 14, wherein the copolymer additionally comprises further
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comonomers selected from the group consisting of esters of acrylic acid or methacrylic acid, vinyl alkanoates, allyl
compounds, vinyl ethers, N-vinyllactams, N-vinylimidazoles, ethylenically unsaturated aromatics, or a mixture of
such monomers.

Awax inhibitor according to claim 15, wherein the copolymer contains from 0.1 to 30 mol-% of the further comonomer,
in respect to the content of a-olefin, esterified unsaturated dicarboxylic acid and the further monomer(s) in the
copolymer.

A wax inhibitor formulation comprising from 1 to 90 wt.-% of a copolymer according to one or more of claims 1 to
16 and from 10 to 99 wt.-% of an organic solvent.

Use of a wax inhibitor according to one or more of claims 1 to 16 for reducing one or more of pour point, viscosity,
yield stress and/or wax deposition of a hydrocarbon oil.

Use of a wax inhibitor formulation according to claim 17 for reducing one or more of pour point, viscosity, yield stress
and/or wax deposition of a hydrocarbon oil.

Use of a wax inhibitor according to one or more of claims 1 to 16, wherein the wax inhibitor is applied as a formulation
containing between 10 and 99 wt.-%, of an organic solvent, respectively a mixture of organic solvents.

A method of improving the low temperature flow properties of a hydrocarbon oil, the method comprising the addition
into said oil of an effective amount of a wax inhibitor according to according to one or more of claims 1 to 16.

A method of improving the low temperature flow properties of a hydrocarbon oil, the method comprising the addition
into said oil of an effective amount of a wax inhibitor formulation according to claim 17.

A process for manufacturing a wax inhibitor, wherein maleic anhydride and a-olefins having at least 18 carbon
atoms, wherein at least 3 mol-% of the a-olefins have 30 or more carbon atoms, are copolymerized in the presence
of a free radical chain initiator and the copolymer is subsequently esterified with a mixture of alcohols comprising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms.

A process for manufacturing a wax inhibitor, wherein maleic anhydride is esterified with a mixture of alcohols com-
prising

i) 70 to 97 mol-% of a saturated fatty alcohol having 18 to 24 carbon atoms and
ii) 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms

and is subsequently copolymerized in the presence of a radical chain initiator with o-olefins having at least 18 carbon
atoms, whereof at least 3 mol-% of the a.-olefins have 30 or more carbon atoms.

Method of reducing the pour point and/or the viscosity of a wax inhibitor which is a copolymer having esterified
repeating structural units derived from an ethylenically unsaturated dicarboxylic acid or its anhydride and o-olefins
having at least 18 carbon atoms, whereof at least 3 mol-% of the a-olefins have 30 or more carbon atoms, wherein
prior to esterification of the ethylenically unsaturated dicarboxylic acid, its anhydride and/or the copolymer with a
saturated fatty alcohol having 18 to 24 carbon atoms 70 to 97 mol-% of the saturated fatty alcohol having 18 to 24
carbon atoms is admixed with 3 to 30 mol-% of an unsaturated alcohol having 16 to 24 carbon atoms.

A hydrocarbon oil composition comprising an effective amount of a wax inhibitor according to one or more of claims
1 to 16, wherein the hydrocarbon oil contains from 0.005 to 1.0 wt.-% of the wax inhibitor.

A hydrocarbon oil composition according to claim 26, wherein the hydrocarbon oil is crude oil, or a product produced
therefrom.

A hydrocarbon oil composition according to one or more of claims 26 or 27, wherein the oil has a saturates content
of 50 wt.-% or more, the saturates content being determined by SARA analysis according to IP 469.
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Patentanspriiche

1.

10.

1.

12.

13.

Wachsinhibitor fiir Kohlenwasserstoffole, umfassend ein verestertes Copolymer mit wiederkehrenden Strukturein-
heiten, die sich von einer veresterten ethylenisch ungesattigten Dicarbonsaure und o-Olefinen mit mindestens 18
Kohlenstoffatomen ableiten, wobei mindestens 3 Mol-% der a-Olefine 30 oder mehr Kohlenstoffatome aufweisen
und wobei die ethylenisch ungesattigte Dicarbonsdure mit einem Gemisch von Alkoholen, das

i) 70 bis 97 Mol-% eines gesattigten Fettalkohols mit 18 bis 24 Kohlenstoffatomen und
ii) 3 bis 30 Mol-% eines ungesattigten Alkohols mit 16 bis 24 Kohlenstoffatomen

umfasst, verestert ist.

Wachsinhibitor nach Anspruch 1, wobei es sich bei dem «a-Olefin um ein Gemisch von o-Olefinen mit 18 bis 50
Kohlenstoffatomen handelt.

Wachsinhibitor nach Anspruch 1 oder 2, wobei das Gemisch von a-Olefinen 3 bis 60 Gew.-% a-Olefine mit 30 und
mehr Kohlenstoffatomen enthalt.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 3, wobei das Gemisch von a-Olefinen hochstens
10 Gew.-% a-Olefine mit 18 oder weniger Kohlenstoffatomen umfasst.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 4, wobei die ethylenisch ungesattigte Dicarbonsaure
aus Maleinsdure, Fumarsaure und Maleinsdureanhydrid ausgewahlt ist, wobei Maleinsdureanhydrid besonders
bevorzugt ist.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 5, wobei das fir die Veresterung des Copolymers
verwendete Gemisch von Alkoholen weniger als 15 Mol-% Alkohole mit 26 oder mehr Kohlenstoffatomen enthalt.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 6, wobei das fir die Veresterung des Copolymers
verwendete Gemisch von Alkoholen weniger als 7 Mol-% geséttigte Alkohole mit 28 oder mehr Kohlenstoffatomen
enthalt.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 7, wobei das fir die Veresterung des Copolymers
verwendete Gemisch von Alkoholen weniger als 15 Mol-% Alkohole mit weniger als 18 Kohlenstoffatomen enthalt.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 8, wobei der gesattigte Fettalkohol aus 1-Octade-
canol, 1-Eicosanol, 1-Docosanol, 1-Tetracosanol und Gemischen davon ausgewahlt ist.

Wachsinhibitor nach einem der Anspriiche 1 bis 9, wobei der ungesattigte Fettalkohol aus Myristoleylalkohol, Oleyl-
alkohol, Linoleylalkohol, Linolenylalkohol, Elaeostearylalkohol, Erucylalkohol und Gemischen davon ausgewahilt ist.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 10, wobei es sich bei dem ungesattigten Fettalkohol
um Oleylalkohol handelt.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 11, wobei das Copolymer mit 0,6 bis 2,2 mol des
Fettalkoholgemischs, das gesattigten Fettalkohol (i) und ungesattigten Fettalkohol (ii) umfasst, pro Mol polymerisierte

ethylenisch ungesattigte Dicarbonsaure verestert ist.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 12, wobei das Copolymer eine oder mehrere der
wiederkehrenden Struktureinheiten der Formel (2) und/oder (3) umfasst:
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2) (3)

wobei

eines von R oder R2 fiir Wasserstoff steht und das andere aus Alkylgruppen mit mindestens 16 Kohlenstoff-
atomen ausgewahlt ist und wobei mindestens 3 Mol-% der Alkylgruppen 28 oder mehr Kohlenstoffatome auf-
weisen,

n fir eine ganze Zahl im Bereich von 2 bis 98 steht,

m fir eine ganze Zahl im Bereich von 2 bis 98 steht,

n+m flr eine ganze Zahl von 5 bis 100 steht,

R3 fiir eine Alkylgruppe mit 18 bis 24 Kohlenstoffatomen steht,

R4 flr eine Alkenylgruppe mit 16 bis 24 Kohlenstoffatomen steht und

RS aus Wasserstoff, R3 und R4 ausgewahlt ist,

wobei der molare Anteil der Gruppen R4, bezogen auf die Summe der Gruppen R3 und R4, zwischen 3 und 30 Mol-
% liegt und der molare Anteil der Gruppen R3, bezogen auf die Summe der Gruppen R3 und R4, zwischen 97 und
70 Mol-% liegt.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 13, wobei das Copolymer zuséatzlich bis zu 30 Mol-
% wiederkehrende Struktureinheiten (4) und/oder (5) umfasst:

O
O
1 gty ;{/’O

@) ®)

wobei
eines von R und R2 fiir Wasserstoff steht und das andere aus Alkylgruppen mit mindestens 16 Kohlenstoffatomen
ausgewahlt ist und wobei mindestens 3 Mol-% der Alkylgruppen 28 oder mehr Kohlenstoffatome aufweisen.

Wachsinhibitor nach einem oder mehreren der Anspriiche 1 bis 14, wobei das Copolymer zusatzlich weitere Co-
monomere umfasst, die aus der Gruppe bestehend aus Estern der Acrylsdure oder Methacrylsaure, Vinylalkanoaten,
Allylverbindungen, Vinylethern, N-Vinyllactamen, N-Vinylimidazolen, ethylenisch ungesattigten Aromaten oder ei-
nem Gemisch derartiger Monomere ausgewabhlt sind.

Wachsinhibitor nach Anspruch 15, wobei das Copolymer 0,1 bis 30 Mol-% des weiteren Comonomers, bezogen
auf den Gehalt an a-Olefin, veresterter ungesattigter Dicarbonsaure und des weiteren Monomers bzw. der weiteren

Monomere in dem Copolymer, enthalt.

Wachsinhibitorformulierung, umfassend 1 bis 90 Gew.-% eines Copolymers nach einem oder mehreren der An-
spruche 1 bis 16 und 10 bis 99 Gew.-% eines organischen Lésungsmittels.

Verwendung eines Wachsinhibitors nach einem oder mehreren der Anspriiche 1 bis 16 zur Verringerung eines oder
mehrerer des Pourpoints, der Viskositat, der Streckspannung und/oder der Wachsausscheidung eines Kohlenwas-

serstoffols.

Verwendung einer Wachsinhibitorformulierung nach Anspruch 17 zur Verringerung eines oder mehrerer des Pour-
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points, der Viskositat, der Streckspannung und/oder der Wachsausscheidung eines Kohlenwasserstoffols.

Verwendung eines Wachsinhibitors nach einem oder mehreren der Anspriiche 1 bis 16, wobei der Wachsinhibitor
in Form einer Formulierung angewendet wird, die zwischen 10 und 99 Gew.-% eines organischen Lésungsmittels
bzw. eines Gemischs von organischen Losungsmitteln enthalt.

Verfahren zur Verbesserung der KaltflieBeigenschaften eines Kohlenwasserstoffols, wobei das Verfahren die Zu-
gabe einer wirksamen Menge eines Wachsinhibitors nach einem oder mehreren der Anspriiche 1 bis 16 zu dem
Ol umfasst.

Verfahren zur Verbesserung der KaltflieBeigenschaften eines Kohlenwasserstoffols, wobei das Verfahren die Zu-
gabe einer wirksamen Menge einer Wachsinhibitorformulierung nach Anspruch 17 zu dem Ol umfasst.

Verfahren zur Herstellung eines Wachsinhibitors, bei dem man Maleinsdureanhydrid und a-Olefine mit mindestens
18 Kohlenstoffatomen, wobei mindestens 3 Mol-% der a-Olefine 30 oder mehr Kohlenstoffatome aufweisen, in
Gegenwart eines Radikalketteninitiators copolymerisiert und das Copolymer anschlieRend mit einem Gemisch von
Alkoholen, das

i) 70 bis 97 Mol-% eines gesattigten Fettalkohols mit 18 bis 24 Kohlenstoffatomen und
ii) 3 bis 30 Mol-% eines ungesattigten Alkohols mit 16 bis 24 Kohlenstoffatomen

umfasst, verestert.

Verfahren zur Herstellung eines Wachsinhibitors, bei dem man Maleinsdureanhydrid mit einem Gemisch von Alko-
holen, das

i) 70 bis 97 Mol-% eines gesattigten Fettalkohols mit 18 bis 24 Kohlenstoffatomen und
ii) 3 bis 30 Mol-% eines ungesattigten Alkohols mit 16 bis 24 Kohlenstoffatomen

umfasst, verestert und anschlielend in Gegenwart eines Radikalketteninitiators mit o-Olefinen mit mindestens 18
Kohlenstoffatomen, wobei mindestens 3 Mol-% der a-Olefine 30 oder mehr Kohlenstoffatome aufweisen, copoly-
merisiert.

Verfahren zur Verringerung des Pourpoints und/oder der Viskositat eines Wachsinhibitors, bei dem es sich um ein
Copolymer mit veresterten wiederkehrenden Struktureinheiten, die sich von einer ethylenisch ungeséttigten Dicar-
bonsaure oder deren Anhydrid und a-Olefinen mit mindestens 18 Kohlenstoffatomen ableiten, wobei mindestens
3 Mol-% der a-Olefine 30 oder mehr Kohlenstoffatome aufweisen, handelt, bei dem man vor der Veresterung der
ethylenisch ungesattigten Dicarbonséure, deren Anhydrids und/oder des Copolymers mit einem gesattigten Fettal-
kohol mit 18 bis 24 Kohlenstoffatomen 70 bis 97 Mol-% des gesattigten Fettalkohols mit 18 bis 24 Kohlenstoffatomen
mit 3 bis 30 Mol-% eines ungesattigten Alkohols mit 16 bis 24 Kohlenstoffatomen mischt.

Kohlenwasserstoffdlzusammensetzung, umfassend eine wirksame Menge eines Wachsinhibitors nach einem oder
mehreren der Anspriiche 1 bis 16, wobei das Kohlenwasserstoffél 0,005 bis 1,0 Gew.-% des Wachsinhibitors enthalt.

Kohlenwasserstoffdlzusammensetzung nach Anspruch 26, wobei es sich bei dem Kohlenwasserstoffél um Rohdl
oder ein daraus hergestelltes Produkt handelt.

Kohlenwasserstoffélzusammensetzung nach einem oder mehreren der Anspriiche 26 oder 27, wobei das Ol einen
Gehalt an gesattigten Verbindungen von 50 Gew.-% oder mehr aufweist, wobei der Gehalt an gesattigten Verbin-
dungen mittels SARA-Analyse gemaR IP 469 bestimmt wird.

Revendications

Inhibiteur de cire pour des huiles d’hydrocarbure comprenant un copolymere estérifié ayant des motifs structuraux
répétitifs issus d’'un acide dicarboxylique éthyléniquement insaturé estérifié et de a-oléfines ayant au moins 18
atomes de carbone, au moins 3 % en moles des a-oléfines ayant 30 atomes de carbone ou plus, et I'acide dicar-
boxylique éthyléniquement insaturé ayant été estérifié avec un mélange d’alcools comprenant
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i) 70 @ 97 % en moles d’'un alcool gras saturé ayant 18 a 24 atomes de carbone et
ii) 3 @ 30 % en moles d’un alcool insaturé ayant 16 a 24 atomes de carbone.

Inhibiteur de cire selon la revendication 1, la a-oléfine étant un mélange de a-oléfines ayant de 18 a 50 atomes de
carbone.

Inhibiteur de cire selon la revendication 1 ou 2, le mélange de a-oléfines contenant de 3 a 60 % en poids de o-
oléfines ayant 30 atomes de carbone et plus.

Inhibiteur de cire selon 'une ou plusieurs des revendications 1 a 3, un mélange de o-oléfines comprenant au plus
10 % en poids de a-oléfines ayant 18 atomes de carbone ou moins.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 4, I'acide dicarboxylique éthyléniquement insaturé
étant choisi parmiI'acide maléique, I'acide fumarique et 'anhydride maléique, 'anhydride maléique étant notamment
préféré.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 5, le mélange d’alcools utilisé pour I'estérification

du copolymere contenant moins de 15 % en moles d’alcools ayant 26 atomes de carbone ou plus.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 6, le mélange d’alcools utilisé pour I'estérification
du copolymere contenant moins de 7 % en moles d’alcools saturés ayant 28 atomes de carbone ou plus.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 7, le mélange d’alcools utilisé pour I'estérification
du copolymere contenant moins de 15 % en moles d’'alcools ayant moins de 18 atomes de carbone.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 8, I'alcool gras saturé étant choisi parmi le 1-
octadécanol, le 1-éicosanol, le 1-docosanol, le 1-tétracosanol et leurs mélanges.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 9, I'alcool gras insaturé étant choisi parmi I'alcool
myristoléylique, I'alcool oléylique, I'alcool linoléylique, I'alcool linolénylique, I'alcool élaéostéarylique, I'alcool érucy-
lique et leurs mélanges.

Inhibiteur de cire selon 'une ou plusieurs des revendications 1 a 10, I'alcool gras insaturé étant I'alcool oléylique.
Inhibiteur de cire selon 'une ou plusieurs des revendications 1 a 11, le copolymére étant estérifié par 0,6 a 2,2
moles du mélange d’alcools gras comprenant un alcool gras saturé (i) et un alcool gras insatureé (ii) par mole d’acide

dicarboxylique éthyléniquement insaturé polymérisé.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 12, le copolymére comprenant un ou plusieurs des
motifs structuraux répétitifs de formule (2) et/ou (3)

@) 3

o o—r’ o o—rg"

4

Iun parmi R ou R2 étant hydrogéne, et I'autre étant choisi parmi des groupes alkyle contenant au moins 16
atomes de carbone, et au moins 3 % en moles des groupes alkyle ayant 28 atomes de carbone ou plus,

n étant un entier dans la plage de 2 a 98,

m étant un entier dans la plage de 2 a 98,

n + m étant un entier de 5 a 100,

R3 étant un groupe alkyle ayant 18 & 24 atomes de carbone,

R4 étant un groupe alcényle ayant 16 a 24 atomes de carbone, et
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RS étant choisi parmi hydrogéne, R3 et R4,

la partie molaire des groupes R* par rapport a la somme des groupes R3 et R4 étant comprise entre 3 et 30 %
en moles et la partie molaire des groupes R3 par rapport & la somme des groupes R3 et R4 étant comprise
entre 97 et 70 % en moles.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 13, le copolymére comprenant de plus jusqu’a 30
% en moles de motifs structuraux répétitifs (4) et/ou (5)

(5)

E%E

o OH
I'un parmi R ou R2 étant hydrogéne, et I'autre étant choisi parmi des groupes alkyle contenant au moins 16 atomes
de carbone, et au moins 3 % en moles des groupes alkyle ayant 28 atomes de carbone ou plus.

Inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 14, le copolymere comprenant de plus d’autres
comonomeres choisis dans le groupe constitué par des esters d’acide acrylique ou d’acide méthacrylique, des
alcanoates de vinyle, des composés allyliques, des éthers vinyliques, des N-vinyllactames, des N-vinylimidazoles,
des composés aromatiques éthyléniquement insaturés, ou un mélange de tels monomeres.

Inhibiteur de cire selon la revendication 15, le copolymére contenant de 0,1 a 30 % en moles du comonomeére
supplémentaire, par rapport a la teneur en a-oléfine, a I'acide dicarboxylique insaturé estérifié et au(x) monomere(s)
supplémentaire(s) dans le copolymere.

Formulation d’inhibiteur de cire comprenant de 1 a 90 % en poids d’un copolymeére selon I'une ou plusieurs des
revendications 1 a 16 et de 10 a 99 % en poids d’un solvant organique.

Utilisation d’un inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 16 pour la réduction d’un ou plusieurs
parmi le point d’écoulement, la viscosité, la limite d’élasticité et/ou le dépot de cire d’'une huile d’hydrocarbure.

Utilisation d’'une formulation d’inhibiteur de cire selon la revendication 17 pour la réduction d’un ou plusieurs parmi
le point d’écoulement, la viscosité, la limite d’élasticité et/ou le dépbt de cire d’'une huile d’hydrocarbure.

Utilisation d’'un inhibiteur de cire selon I'une ou plusieurs des revendications 1 a 16, I'inhibiteur de cire étant appliqué
comme une formulation contenant entre 10 et 99 % en poids d’un solvant organique, respectivement d’'un mélange
de solvants organiques.

Procédé d’amélioration des propriétés d’écoulement a basse température d’une huile d’hydrocarbure, le procédé
comprenant I'ajout dans ladite huile d’'une quantité efficace d’un inhibiteur de cire selon I'une ou plusieurs des
revendications 1 a 16.

Procédé d’amélioration des propriétés d’écoulement a basse température d’une huile d’hydrocarbure, le procédé
comprenant I'ajout dans ladite huile d’'une quantité efficace d’une formulation d’inhibiteur de cire selon la revendi-
cation 17.

Procédé pour la fabrication d’'un inhibiteur de cire, de 'anhydride maléique et des a-oléfines ayant au moins 18
atomes de carbone, au moins 3 % en moles des a-oléfines ayant 30 atomes de carbone ou plus, étant copolymérisés
en la présence d’un initiateur de chaine de radicaux libres et le copolymeére étant subséquemment estérifié avec
un mélange d’alcools comprenant

i) 70 @ 97 % en moles d’'un alcool gras saturé ayant 18 a 24 atomes de carbone et
ii) 3 @ 30 % en moles d’un alcool insaturé ayant 16 a 24 atomes de carbone.
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Procédé pour la fabrication d’un inhibiteur de cire, de 'anhydride maléique étant estérifié avec un mélange d’alcools
comprenant

i) 70 @ 97 % en moles d’'un alcool gras saturé ayant 18 a 24 atomes de carbone et
ii) 3 @ 30 % en moles d’un alcool insaturé ayant 16 a 24 atomes de carbone

et étant subséquemment copolymérisé en la présence d’un initiateur de chaines de radicaux avec des o-oléfines
ayant au moins 18 atomes de carbone, au moins 3 % en moles des a-oléfines ayant 30 atomes de carbone ou plus.

Procédé de réduction du point d’écoulement et/ou de la viscosité d’un inhibiteur de cire qui est un copolymére ayant
des motifs structuraux répétitifs estérifiés issus d’un acide dicarboxylique éthyléniquement insaturé ou de son an-
hydride et d’a-oléfines ayant au moins 18 atomes de carbone, au moins 3 % en moles des a-oléfines ayant 30
atomes de carbone ou plus, avant I'estérification de I'acide dicarboxylique éthyléniquement insaturé, de son anhy-
dride et/ou du copolymére avec un alcool gras saturé ayant 18 a 24 atomes de carbone 70 a 97 % en moles de
I'alcool gras saturé ayant 18 a 24 atomes de carbone étant mélangés avec 3 a 30 % en moles d’'un alcool insaturé
ayant 16 a 24 atomes de carbone.

Composition d’huile d’hydrocarbure comprenant une quantité efficace d’un inhibiteur de cire selon I'une ou plusieurs
des revendications 1 a 16, I'huile d’hydrocarbure contenant de 0,005 a 1,0 % en poids de l'inhibiteur de cire.

Composition d’huile d’hydrocarbure selon la revendication 26, I'huile d’hydrocarbure étant une huile brute, ou un
produit produit a partir de celle-ci.

Composition d’huile d’hydrocarbure selon 'une ou plusieurs des revendications 26 ou 27, I'huile ayant une teneur

en composés saturés de 50 % en poids ou plus, la teneur en composés saturés étant déterminée par analyse SARA
selon la norme IP 469.
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