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Hyperbranched polyesters modified with branched fatty acids and their use as paraffin

inhibitors

The invention relates to hydrophobically modified, hyperbranched polyester obtainable by a
2-step process of reacting a mixture comprising at least a polyol comprising at least 3
hydroxy groups and a monomer comprising one carboxylic acid group and at least two
hydroxy groups, thereby obtaining a hyperbranched polyester comprising terminal hydroxy
groups and at least partly esterifying the terminal hydroxy groups with a mixture of carboxylic
acids comprising at least linear saturated aliphatic carboxylic acids groups and branched
saturated aliphatic carboxylic acids groups. The invention furthermore relates to formulations
comprising hydrocarbons and such polyesters and to the use of such hydrophobically
modified, hyperbranched polyesters or formulations thereof, as pour-point depressant or wax

inhibitor for crude oil.

Subterranean mineral oil formations typically have relatively high temperatures. After the
production of the crude oil to the surface, the crude oil produced therefore cools down to a
greater or lesser degree depending on the production temperature and the storage or

transport conditions.

According to their origin, crude oils have different proportions of waxes, which consist
essentially of long-chain n-paraffins. According to the type of crude oil, the proportion of such
paraffins may typically be 1 to 30% by weight of the crude oil. When the temperature goes
below a particular level in the course of cooling, the paraffins can crystallize, typically in the
form of platelets. The precipitated paraffins considerably impair the flowability of the oil. The
platelet-shaped n-paraffin crystals can form a kind of house-of-cards structure which
encloses the crude oil, such that the crude oil ceases to flow, even though the predominant
portion is still liquid. The lowest temperature at which a sample of an oil still just flows in the
course of cooling is referred to as the pour point ("yield point"). For the measurement of the
pour point, standardized test methods are used. Precipitated paraffins can block filters,
pumps, pipelines and other installations or be deposited in tanks, thus entailing a high level

of cleaning.

The deposit temperature of oil deposits is generally above room temperature, for example
40°C to 100°C. Crude oil is produced from such deposits while still warm, and it naturally
cools more or less quickly to room temperature in the course of or after production, or else to

lower temperatures under corresponding climatic conditions. Crude oils may have pour
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points above room temperature, such that crude oils of this kind may solidify in the course of

or after production.

It is known that the pour point of crude oils can be lowered by suitable additives. This can
prevent paraffins from precipitating in the course of cooling of produced crude oil. Suitable
additives firstly prevent the formation of said house-of-cards-like structures and thus lower
the temperature at which the crude oil solidifies. In addition, additives can promote the
formation of fine, well-crystallized, non-agglomerating paraffin crystals, such that undisrupted
oil transport is ensured. Such additives are also referred to as pour point depressants or flow

improvers.

Paraffin inhibitors or wax inhibitors refer to those substances intended to prevent the
deposition of paraffins or paraffin waxes on surfaces in contact with crude oils or other wax-

containing oils and/or mineral oil products.

One class of chemical compounds which have been suggested as pour point depressants,
wax inhibitors, or cold flow improvers comprises dendritic or hyperbranched polymers or

derivatives thereof.

WO 96/12755 A1 describes an oil-soluble dendrimer-based cold-flow improver comprising an
amine based central core linked through a plurality of polar groups to a dendritic body which
is linked through a plurality of polar groups to a hydrocarbyl periphery consisting of n-alkyl

groups from 8 to 1000 carbon atoms.

Alan R. Katritzky et al., Journal of the Chinese Chemical Society, 1997, 44, 575 - 580
describe the synthesis of dendramines and dendramides and their application in the oil

industry in particular as wax-inhibitors.

EP 1 557 411 A2 describes a nucleating agent on basis of hyperbranched polymers
comprising a hyperbranched core to which Cg to C4o alkyl chains are linked via ester-,
carbonate-, thioether-, amide-, urethane-, urea-, or -CO-CH>CH>-NR’-groups. The nucleating
agent may be used for improving the cold-flow properties of paraffin containing crude oils,

fuels, oils, lubricants or in fat-based fuels.

WO 2006/056578 A1 describes a method for improving the flowability of a mixture that
contains wax and other hydrocarbons which comprises adding a hyperbranched polyester

amide.
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WO 2013/019704 A1 discloses a hydrocarbon flow improver comprising a branched dendritic
core having at least 16 terminal hydroxyl groups and wherein at least one of the terminal
hydroxyl groups is esterified with at least one carboxylic acid moiety comprising from 6 to 30
carbon atoms. The dendritic core comprises a quaternary carbon center. The document
furthermore relates to a method of extracting hydrocarbon fluid from a well comprising the
step of adding said fluid improver to the hydrocarbon fluid. WO 2015/070121 A1 discloses

the use of the same product as asphaltene inhibitor.

Khadid |. Kabel et al., Research on Chemical Intermediates, 2015, 41 (1), 457-474, describe
the synthesis and evaluation of PAMAM dendrimer and PDPF-b-POP block copolymer as

asphaltene inhibitor/dispersant.

WO 2019/185401 A1 discloses modified hyperbranched polyesters and their use as wax
inhibitor or as pour point depressant. The hyperbranched polyesters are synthesized in a 2-
step reaction. In a first step, a hyperbranched polyester core is synthesized which comprises
terminal OH-groups. In a second step, the terminal OH-groups are reacted with hydrophobic
carboxylic acids, thereby obtaining a modified hyperbranched polyester comprising terminal
hydrophobic groups. Suitable carboxylic acids preferably have the formula R-COOH, wherein
R is a hydrocarbon moiety having at least 6, preferably at least 10 carbon atoms. The
hydrocarbon groups may be linear saturated or linear unsaturated hydrocarbon groups or
branched saturated or branched unsaturated hydrocarbon groups. It has also been
suggested to use a mixture of linear, saturated aliphatic hydrocarbon groups with linear,
aliphatic unsaturated hydrocarbon groups or a mixture of linear, saturated aliphatic

hydrocarbon groups with branched, saturated aliphatic hydrocarbon groups.

WO 2020/231994 A1 discloses a method of adding a flow improver to petroleum fluids
comprising a solvent and a dendrimer-based flow improver wherein the dendrimer core is
modified with a mixture of saturated and unsaturated fatty acids. A mixture of saturated and
unsaturated fatty acids yields products having a lower viscosity at low temperatures as

compared to products for which only saturated fatty acids are used.

Accordingly, the present invention relates to hydrophobically modified, hyperbranched

polyesters, obtainable by the following process:

(a) reacting a mixture comprising at least a polyol (A) comprising at least 3 hydroxy
groups and a molecule (B) comprising one carboxylic acid group and at least two
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hydroxy groups, by heating the mixture to a temperature of at least 100°C,

wherein the molar ratio (B) : (A) is from 1000 : 1 to 10 : 1, thereby obtaining a
hyperbranched polyester comprising terminal hydroxy groups; and

(b) Reacting the mixture obtained in course of step (a) with a mixture of
monocarboxylic acids (D) by heating to a temperature of at least 100°C, thereby
esterifying at least a part of the terminal OH-groups of the polyester obtained in
course of step (a), wherein the monocarboxylic acids (D) comprise

(D1) atleast one linear, saturated aliphatic carboxylic acid, wherein at least
one of the carboxylic acids (D1) comprises at least 20 carbon atoms, and

(D2) atleast one branched, saturated aliphatic carboxylic acid (D2) comprising
at least 4 carbon atoms,

wherein the molar ratio (D1) : (D2) is from1:2t0 15: 1.

The invention furthermore relates to formulations comprising at least a hydrocarbon or a
mixture of different hydrocarbons having a boiling point of at least 100°C, and a
hydrophobically modified, hyperbranched polyester as described above.

Furthermore, the invention relates to the use of such hydrophobically modified,

hyperbranched polyesters or formulations thereof, as pour-point depressant or wax inhibitor
for crude oil.

Figures:

Figure 1 Schematic representation of the structure of a hyperbranched polymer.

Figure 2 Summary of pour-point measurements in crude oil

With regard to the invention, the following can be stated specifically:

Hydrophobically modified, hyperbranched polyesters

The hydrophobically modified, hyperbranched polyesters according to the present invention
are obtainable by a 2-step process comprising at least the process steps (a) and (b). In step
(a), a hyperbranched polyester comprising terminal hydroxy groups is synthesized. In the
second step (b), the terminal hydroxy groups are at least partly esterified with a mixture
comprising linear and branched carboxylic acids, thereby obtaining a hydrophobically

modified, hyperbranched polyester. The hydrophobically modified, hyperbranched polyesters
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are soluble in hydrocarbons. In an optional step (c), the hydrophobically modified,

hyperbranched polyesters are dissolved in hydrocarbons or mixtures of hydrocarbons.

The term “hyperbranched” is well known to the skilled artisan. Regarding the definition of
dendrimeric and hyperbranched polymers in general see for example P. J. Flory, J. Am.
Chem. Soc., 1952, 74, 2718 and H. Frey et al.,, Chem. Eur. J., 2000, 6 (14), 2499.
Hyperbranched polyesters have a high degree of branches and may be synthesized by using
as monomers XY, molecules comprising a carboxy group X and n, preferably 2 hydroxy
groups Y. More details may be found for example in WO 2019/185401 A1, page 13, line 25
to page 14, line 30. A schematic representation of a hyperbranched polymer can be found in

figure 1.

Step (a)

In course of step (a) a mixture comprising at least a polyol (A) comprising at least 3 hydroxy
groups and a molecule (B) comprising one carboxylic acid group and at least two hydroxy
groups is reacted by heating the mixture to a temperature of at least 100°C, thereby
obtaining a hyperbranched polyester comprising terminal hydroxy groups. Optionally, a diol
(C) having a molecular weight of at least 100 g/mol may be present in the mixture. Of course,

further monomers besides (A), (B), and optionally (C) may be used.

The polyol (A) comprises at least 3 hydroxy groups. In one embodiment, the number of
hydroxy groups is from 3 to 6, in particular 3 to 5. In one embodiment, the polyol comprises 3
hydroxy groups. It is preferred that the polyol (A) does not contain functional groups other

than hydroxyl groups.

Examples of suitable polyols (A) comprise glycerol, butane-1,2,4-triol, n-pentane-1,2,5-triol,
n-pentane-1,3,5-triol, n-hexane-1,2,6-triol, n-hexane-1,2,5-triol, n-hexane-1,3,6-triol,
trimethylolbutane, trimethylolpropane or di-trimethylolpropane, trimethylolethane,
pentaerythritol or dipentaerythritol; sugar alcohols such as mesoerythritol, threitol, sorbitol,
mannitol. Furthermore, alkoxylated, in particular ethoxylated, derivates of the polyols (A)
mentioned above may be used. Of course, mixtures of two or more than two different polyols

(A) may be used.

In one embodiment of the invention, the polyols (A) are selected from the group of glycerol,
trimethylolpropane, trimethylolethane and pentaerythritol or the respective ethoxylated

derivatives. In one embodiment, trimethylolpropane is used.
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The monomer (B) comprises one carboxylic acid group and at least two hydroxy groups. The
number of hydroxy groups may in particular be 2 to 4, preferably 2 or 3. In one embodiment
of the invention, the monomer (B) comprises one carboxylic acid group and two hydroxy
groups. The monomers (B) may have further functional groups but it is preferred that no

functional groups are present apart from carboxylic acid and hydroxyl groups.

Examples of monomers (B) comprise 2,2,2-tris(hydroxymethyl)acetic acid, 2,3-
dihydroxypropionic acid, sugar acids such as gluconic acid, glucaric acid, glucuronic acid,
galacturonic acid or mucic acid (galactaric acid), 2,4-, 2,6-, or 3,5-dihydroxybenzoic acid, 4,4-
bis(4-hydroxyphenyl)valeric acid, 2,2-bis(hydroxymethyl)alkane-carboxylic acids such as for
example 2,2-bis(hydroxymethyl)propionic acid (dimethylolpropionic acid), 2,2-bis(hydroxy-
methyl)butyric acid (dimethylolbutyric acid) and 2,2-bis(hydroxymethyl)valeric acid, preferably
2,2-bis(hydroxymethyl)propionic acid (dimethylolpropionic acid) or 2,2-bis(hydroxymethyl)
butyric acid (dimethylolbutyric acid). In one embodiment of the invention, the monomers (B)
are selected from 2,2-bis(hydroxymethyl)butyric acid (dimethylolbutyric acid) and 2,2-
dihydroxymethylpropionic acid (dimethylolpropionic acid). In one preferred embodiment,

dimethylolpropionic acid is used as monomer (B).

The monomers (B) may be used as free carboxylic acids or in the form of salts, as
ammonium or alkali metal salts. Furthermore, also activated derivatives of the carboxylic
acid group may be used, such as for example anhydrides or acid chlorides. However, it is

preferred that the carboxylic acids are used as such.

In one embodiment of the invention, besides the components (A) and (B) also a diol (C)
having a molecular weight of at least 100 g/mol is present. The diol is characterized in that it
has two hydroxyl groups, preferably in the form of -CH>-OH. The diol (C) functions as a chain
extender. The number average molecular weight M, preferably is at least 500 g/mol, for

example in the range from 500 to 5000 g/mol.

Examples of diols (C) comprise 1,o-diols such as 1,6-hexanediol, 1,8-octanediol or
cyclohexanediols. Preferably, polyether diols, such as for example diethylene glycol,
triethylene glycol, dipropylene glycol, tripropylene glycol, polyethylene glycols
HO(CH2CH:0O)s-H, polypropylene glycols HO(CH[CH3]CH20)n-H, polyTHF HO-[(CH2)4-QOJn-H,
n being an integer with a value adjusted to meet the molecular weight of the polymer may be
used. Of course, mixtures of two or more than two different diols (C) may be used. In one

embodiment of the invention, the diols (C) are selected from the group of polyethylene glycol,
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polypropylene glycol and polyTHF, in particular those having an M, of 500 to 5000 g/mol,
preferably from 1000 to 5000 g/mol.

According to the invention, the molar ratio of the components (B) : (A) is from 1000:1 to
10:1., i.e. (B), preferably from 700:1 to 50:1, or from 300:1 to 100:1.

If a diol (C) is present, the molar ratio (B) : (C) also is in the range is from 1000:1 to 10:1,
more preferably 700:1 to 25:1, or from 500:1 to 50:1.

Step (a) is carried out by mixing the components (A), (B), optionally (C) and further
components and heating them to a temperature of at least 100°C. The reaction temperature
should not exceed 200°C. In one embodiment, the reaction temperature is from 100°C to
200°C, preferably from 120°C to 180°C, or from 140°C to 170°C. In certain embodiments, the

reaction temperature may be slowly raised to said temperatures.

The reaction may preferably be carried out using the mixture as such, i.e. without adding a
solvent. In other embodiments, step (a) may be carried out in a suitable solvent. Examples
comprise hydrocarbons such as paraffins or aromatics, such as for example toluene, ortho-
xylene, meta-xylene, para-xylene, xylene isomer mixture, ethylbenzene, chlorobenzene and
ortho- and meta-dichlorobenzene.

In course of reacting the components (A), (B), and optionally (C) water is formed which
should be removed from the reaction mixture. In one embodiment of the invention, water is
distilled off from the reaction mixture. For the purpose of removing water, the pressure may
be reduced, for example to 50 to 500 hPa. In other embodiments, water-removing additives
may be added before and/or during the reaction. Examples of water-removing additives

include molecular sieves, particularly molecular sieve 4 A, MgSQO4 and Na;SO..

In one embodiment of the invention, the reaction is carried out in the presence of a catalyst
for esterification. Examples of suitable catalysts comprise acids sulfuric acid, phosphoric
acid, phosphonic acid, hypo phosphorous acid, aluminum sulfate hydrate, alum, acidic silica
gel and acidic alumina, or organic acids such as para-toluenesulfonic acid, or methane
sulfonic acid. Further examples comprise aluminum compounds of the general formula
Al(OR)z and titanates of the general formula Ti(OR)4, wherein R are alkyl or cycloalkyl
moieties, such as for example isopropyl. Also, organometallic catalysts may be used, for
example dialkyltin oxides R>SnQO, where R are alkyl or cycloalkyl moieties, in particular di-n-

butyltin oxide. Of course, also combinations of catalysts may be used. In one embodiment,
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methane sulfonic acid is used as catalyst. The amount of catalysts used -if present- may be
from 0.01 to 5 % by weight, preferably from 0.1 to 2 % by weight, more preferably 0.2 to 1%
by weight, each based on the total amount of the reactants.

The reaction time of the method of the invention is usually from 10 minutes to 48 hours,
preferably from 30 minutes to 24 hours and more preferably from 1 to 16 hours. The reaction
may be monitored by measuring the acid value of the products formed. In one embodiment,
the acid number of the hyperbranched polyesters comprising terminal hydroxy groups

obtained in course of step (a) is from 10 bis 26 mg KOH/g.

After the end of the reaction of step (a), the hyperbranched polyesters comprising terminal
hydroxy groups can be isolated easily, for example, by removing the catalyst by filtration and
concentrating the filtrate, usually under reduced pressure. Further highly suitable workup
methods include precipitation following the addition of water and subsequent washing and
drying. However, it is preferred that step (b) is carried out directly, without said isolating

steps.

Preferred hyperbranched polyesters comprising terminal hydroxy groups available in step (a)
comprise polyesters comprising components (A), (B), and (C), wherein the polyols (A) are
selected from the group of glycerol, trimethylolpropane, trimethylolethane and pentaerythritol,
the monomers (B) are selected from dimethylolbutyric acid and dihydroxymethylpropionic

acid, and the diol (C) is polyethylene glycol or poly propylene glycol.

Step (b)

In course of step (b), the mixture obtained in course of step (a) is reacted with a mixture of
monocarboxylic acids (D) by heating to a temperature of at least 100°C, thereby esterifying
at least a part of the terminal OH-groups of the polyester obtained in course of step (a),

thereby obtaining a hydrophobically modified, hyperbranched polyester.

Preferably, at least 30 % of the terminal OH groups are esterified by means of carboxylic

acids, more preferably at least 50 % and more preferably at least 75 %.

For modifying the product of step (a), a mixture comprising at least two different carboxylic

acids is used. The monocarboxylic acids (D) comprise

(D1) atleast one linear, saturated aliphatic carboxylic acid, wherein at least one of the
carboxylic acids (D1) comprises at least 20 carbon atoms, and
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(D2) atleast one branched, saturated aliphatic carboxylic acid (D2) comprising at least 4
carbon atoms,

wherein the molar ratio (D1) : (D2) is from 1:2to 15 : 1, in particular 1:1 to 15 : 1, preferably
from1:1to12: 1.

Commercially available linear, saturated aliphatic carboxylic acids are often fatty acids
derived from naturally occurring fats and oil and typically are mixtures comprising two or

more than two different carboxylic acids.

According to the invention the linear, saturated aliphatic carboxylic acid(s) comprise at least
one linear, saturated aliphatic carboxylic acid comprising at least 20 carbon atoms, in
particular from 20 to 36 carbon atoms or from 20 to 30 carbon atoms. Examples of suitable
comprise arachidic acid (C20), behenic acid (C22), tetracosanoic acid (C24), cerotic acid
(C26), or triacontanoic acid (C30).

Preferably, the linear, saturated aliphatic carboxylic acid(s) comprise at least one linear,
saturated aliphatic carboxylic acid comprising at least 22 carbon atoms, in particular from 22

to 36 carbon atoms or from 22 to 30 carbon atoms.

In one embodiment of the invention, the amounts of carboxylic acids (D1) comprising at least
20 carbon atoms is at least 30 % by weight, preferably at least 50 % by weight, for example
at least 70 % by weight, relating to the total of all carboxylic acids (D1), and in one

embodiment all of the carboxylic acids (D1) comprise at least 20 carbon atoms.

In another embodiment of the invention, the amounts of carboxylic acids (D1) comprising at
least 22 carbon atoms is at least 30 % by weight, preferably at least 50 % by weight, for
example at least 70 % by weight, relating to the total of all carboxylic acids (D1), and in one

embodiment all of the carboxylic acids (D1) comprise at least 22 carbon atoms.

In one embodiment of the invention, the carboxylic acids (D1) comprise a mixture of
carboxylic acids having 20, 22, and 24 carbon atoms, all together preferably in amount of at
least 50 % by weight, more preferably at least 70 % by weight, relating to the total of all
carboxylic acids (D1).

Linear, saturated aliphatic carboxylic acids (D1) having less than 20 carbon atoms which

may be present besides the carboxylic acid(s) having at least 20 carbon atoms should
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comprise at least 12 carbon atoms, preferably at least 14 carbon atoms and more preferably
at least 16 carbon atoms. Examples comprise stearic acid (C18), palmitic acid (C16), and
myristic acid (C14).

In one embodiment of the invention, the carboxylic acids (D1) comprise a mixture of
carboxylic acids having 16, 18, 20, and 22 carbon atoms, wherein the amounts of carboxylic
acids (D1) comprising at least 20 carbon atoms is at least 50 % by weight, for example at

least 70 % by weight, relating to the total of all carboxylic acids (D1).

The branched, saturated aliphatic carboxylic acid(s) (D2) comprise at least 4 carbon atoms,
for example from 4 to 36 carbon atoms. Preferably, the branched carboxylic acid(s) (D2)
comprise at least 12 carbon atoms, in particular 12 to 36, preferably 12 to 30 or from 12 to 20
carbon atoms. Examples comprise isostearic acid (C18), isolauric acid (C12), isomyristic acid
(C14), isopalmitic acid (C16), 14-methylhexadecanoic acid (C16), 2,6,10,14-
tetramethylpentadecanoic acid (C16, Pristanic acid), 3,7,11,15-Tetramethylhexadecanoic
acid (C 16, Phytanic acid), isoarachidic acid (C20) 19-methyleicosanoic acid (C20), 18-
methyleicosanoic acid (C20), isobehenic acid (C22). In one embodiment of the invention,

isostearic acid is used as carboxylic acid (D2).

Besides the carboxylic acids (D1) and (D2) also carboxylic acids (D3) different from (D1) and
(D2) may be present. However, their amount should not exceed 30 mol %, preferably not 20
mol % regarding to the total of all carboxylic acids (D), and more preferably no other
carboxylic acids than (D1) and (D2) are present. Examples of such carboxylic acids (D3)

include linear, aliphatic and unsaturated carboxylic acids such as oleic acid.

The carboxylic acids (D) may be used as free carboxylic acids or in the form of salts, as
ammonium or alkali metal salts. Furthermore, also activated derivatives of the carboxylic
acid group may be used, such as for example anhydrides or acid chlorides. However, it is

preferred that the carboxylic acids are used as such.

Step (b) is carried out by mixing the carboxylic acids (D) with the mixture obtained in course
of step (a) and heating them to a temperature of at least 100°C. The reaction temperature
should not exceed 200°C. In one embodiment, the reaction temperature is from 100°C to
200°C, preferably from 120°C to 180°C, or from 140°C to 170°C. In certain embodiments, the
reaction temperature may be slowly raised to said temperatures. Preferably, the reaction in

step (b) is carried out under reduced pressure.
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Step (b) may be carried out in the presence of a suitable esterification catalyst. Suitable

catalysts have already been mentioned above. Methane sulfonic acid is a preferred catalyst.

In one embodiment of the invention, the monocarboxylic acids (D) comprise

(D1) atleast one linear, saturated aliphatic carboxylic acid, wherein at least one of the
carboxylic acids (D1) comprises at least 20 carbon atoms, and the amounts of
carboxylic acids (D1) comprising at least 20 carbon atoms is at least 50 % by weight,
relating to the total of all carboxylic acids (D1), and

(D2) atleast one branched, saturated aliphatic carboxylic acid (D2) comprising at least 12
to 20, for example 14 to 20 carbon atoms,

wherein the molar ratio (D1) : (D2) is from 1: 1 to 15 : 1, preferably from1:1to 12 : 1, for
example from 5:1 to 15:1.

Step (¢)

The hydrophobically modified, hyperbranched polyesters may be used as such. In another

embodiment, they are used as a formulation in hydrocarbons.

Therefore, in one embodiment of the invention, the process comprises an additional step (c)
comprising the dissolution of hydrophobically modified, hyperbranched polyesters obtained in
course of step (b) in a hydrocarbon or a mixture of different hydrocarbons having a boiling
point of at least 100°C.

Hydrocarbons or hydrocarbon mixtures may be aliphatic, naphthenic or aromatic
hydrocarbons. The boiling point is at least 100°C, for example at least 120°C, preferably at
least 150°C. Preferably, the hydrocarbons used have a flashpoint of at least 60°C. In
particular, technical mixtures of hydrocarbons may be used. Technical mixtures of saturated
aliphatic solvents are commercially available, for example technical mixtures of the Shellsol®
D series and Exxsol® D series. Technical mixtures of aromatic solvents are also
commercially available, for example the Shellsol® A series or the Solvesso® series or

Caromax® series.

The dissolution can be simply carried out for example by mixing the components while

stirring.
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The concentration of the hydrophobically modified, hyperbranched polyesters in the
formulation usually is at least 10 %, for example at least 20 % by weight, in particular at least
30 % by weight of polymers relation to the total of the formulation. The concentration may be
for example from 10 to 80 % by weight. In other embodiments, the concentration is from 30
bis 80 % by weight or from 30 to 55 % by weight.

In one embodiment, the present invention relates to a formulation of polyesters comprising at
least

e a hydrocarbon or a mixture of different hydrocarbons having a boiling point of at
least 100°C, and

e a hydrophobically modified, hyperbranched polyester as described above.

Preferred hydrocarbons and concentrations have already been mentioned above.

Hydrophobically modified, hyperbranched polyesters

The synthesis yields hydrophobically modified, hyperbranched polyesters comprising a core
of a hyperbranched polyester and terminal hydrophobic groups formed by means of the
carboxylic acids (D1) and (D2).

As will be shown in detail in the experimental part, substituting a part of the linear, saturated,
aliphatic carboxylic acids by branched, saturated, aliphatic carboxylic acids decreases the
melting point of the hydrophobically modified, hyperbranched polyesters according to the
present invention as such as well as the melting point of solutions of the polymers in high-
boiling hydrocarbons. The hydrophobically modified, hyperbranched polyesters are therefore
suitable for making winterized formulations, i.e. formulations which are still liquid at low
temperatures. It is important to note, that the presence of at least one linear, aliphatic,
carboxylic acid comprising at least 20 carbon atoms is required to ensure the function as
pour point depressant or wax inhibitor. When only linear carboxylic acids comprising less
than 20 carbon atoms, for example C16 and C18 carboxylic acids are used, the effect of
lowering the melting point by substituting a part of the linear carboxylic acids by branched
carboxylic acids is also observed, however, the polymers no longer function as pour point

depressants.

In one embodiment of the invention, the number average molecular mass M, of
hydrophobically modified, hyperbranched polyesters is from 5,000 g/mol to 7,500 g/mol, and

the weight average molecular mass is from 10,000 to 20,000 g/mol.
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In certain embodiments of the invention, the acid number of the modified, hyperbranched

polyesters is from 5 bis 25 mg KOH/g, for example from 10 to 20 mg KOH/g.

Process for making hydrophobically modified, hyperbranched polyesters

In one embodiment, the present invention relates to a process for making

hydrophobically modified, hyperbranched polyesters, wherein the process comprises at least
the following steps:

(@) Reacting a mixture comprising at least a polyol (A) comprising at least 3 hydroxy
groups and a molecule (B) comprising one carboxylic acid group and at least two
hydroxy groups, by heating the mixture to a temperature of at least 100°C, wherein
the molar ratio (B) : (A) is from 1000 : 1 to 10 : 1, thereby obtaining a hyperbranched
polyester comprising terminal hydroxy groups; and

(b) Reacting the mixture obtained in course of step (a) with a mixture of monocarboxylic
acids (D) by heating to a temperature of at least 100°C, thereby esterifying at least a
part of the terminal OH-groups of the polyester obtained in course of step (a), wherein
the monocarboxylic acids (D) comprise

(D1) atleast one linear, saturated aliphatic carboxylic acid, wherein at least
one of the carboxylic acids (D1) comprises at least 20 carbon atoms, and

(D2) atleast one branched, saturated aliphatic carboxylic acid (D2) comprising
at least 4 carbon atoms,

wherein the molar ratio (D1) : (D2) is from 1:2 to 15: 1.

Details of the process, including preferred embodiments have already been described above

and we refer to the respective passages above.

Use of hydrophobically modified, hyperbranched polyesters

Use as pour point depressant

In one embodiment of the invention, the hydrophobically modified, hyperbranched polyesters
of the present invention are used as pour point depressants for crude oil, by adding at least
one of the hydrophobically modified, hyperbranched polyesters detailed above to the crude
oil.

Pour point depressants reduce the pour point of crude oils. The pour point ("yield point")
refers to the lowest temperature at which a sample of an oil, in the course of cooling, still just

flows. For the measurement of the pour point, standardized test methods are used.
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For use as pour point depressant, the polymer may be added as such, however preferably
a formulation of polyesters comprising at least

e a hydrocarbon or a mixture of different hydrocarbons having a boiling point of at
least 100°C, and

e a hydrophobically modified, hyperbranched polyester as described above.

Details, including preferred embodiments have already been mentioned above.

The formulation may comprise further components. For example, additional wax dispersants
can be added to the formulation. Wax dispersants stabilize paraffin crystals which have
formed and prevent them from sedimenting. The wax dispersants used may, for example, be

alkylphenols, alkylphenol-formaldehyde resins or dodecylbenzenesulfonic acid.

The formulations may furthermore comprise other paraffin inhibitors such as for example
ethylene-vinylacetate copolymers, polyacrylate-based paraffin inhibitors or paraffin inhibitors

based on maleic acid anhydride — olefine copolymers.

The hydrophobically modified, hyperbranched polyesters or formulations thereof are typically
used in such an amount that the amount of the hydrophobically modified, hyperbranched
polyesters added is 50 to 3,000 ppm based on the crude oil. The amount is preferably 100 to
1,500 ppm, for example, 300 to 1,000 ppm. The amounts are based on the hydrophobically
modified, hyperbranched polyesters themselves, not including any solvents present and

optional further components of the formulation.

Use as wax inhibitor

In another embodiment of the invention, the above-detailed hydrophobically modified,
hyperbranched polyesters, are used to prevent wax deposits on surfaces in contact with
crude oil. The use is effectuated by adding at least one of the above-detailed hydrophobically
modified, hyperbranched polyesters to the crude oil.

Preferred formulations and concentrations of use have already been mentioned above.

In a preferred embodiment of the invention, the oil is crude oil and the formulation is injected
into a crude oil pipeline. The injection can preferably be effectuated at the oilfield, i.e. at the
start of the crude oil pipeline, but the injection can of course also be effectuated at another

site. More particularly, the pipeline may be one leading onshore from an offshore platform,
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especially when the pipelines are in cold water, for example having a water temperature of

less than 10°C, i.e. the pipelines have cold surfaces.

In a further embodiment of the invention, the formulation is injected into a production well.

Here too, the production well may especially be a production well leading to an offshore

platform. The injection is preferably effectuated approximately at the site where oil from the

formation flows into the production well. In this way, the deposition of paraffins on surfaces

can be prevented.

For use as wax inhibitor, the hydrophobically modified, hyperbranched polyesters or

formulations thereof are typically used in such an amount that the amount of the

hydrophobically modified, hyperbranched polyesters added is 20 to 1,000 ppm based on the

crude oil. The amount is for example from 50 pp to 200 ppm. The amounts are based on the

hydrophobically modified, hyperbranched polyesters themselves, not including any solvents

present and optional further components of the formulation.

The invention is illustrated in detail by the examples which follow.

The following chemicals were used for synthesizing the modified, hyperbranched polyesters:

Wilfarin® SA-1865

Commercially available mixture of linear, saturated Cie/1s fatty
acids,
~ 30 to 33 % by weight C4s and ~ 65 — 69 % by weight C1s

Palmera® A8522 Commercially available mixture comprising linear, saturated
C,, fatty acid (Behenic acid), ~ 85 % by weight C22, minor
amount of Cxo

Palmera® BLC50 Commercially available mixture of linear, saturated Ce.22 fatty
acids,
~ 4 to 15 % by weight C1s and ~ 29 to 40 % by weight Cqs,
~ 50 to 65 % by weight Cx + C2

Prisorine® 3505 Isostearic acid

Pluriol® P 4000

Poly(propyleneglycol), M, ~ 4000 g/mol

DMPA

Dimethylolpropionic acid

Comparative Example 1

Synthesis of a hyperbranched polyester, modified with a linear C16/C18 carboxylic acid
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Step 1: Synthesis of the hyperbranched polyester core

0.94 g trimethylolpropane (0.0070 mol), 187.7 g dimethylolpropionic acid (1.4 mol), 37.4 g
(0.0093 mol) of polypropylenglycole having an M, of 4000 g/mol (Pluriol® P4000) and 0.72 g
methanesulfonic acid (0.0075 mol) were added to a 2 L reaction vessel equipped with N2
inlet, thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of
160°C. The reaction mixture was kept at 160 °C under reduced pressure until an acid

number of 26 mg KOH/g was reached.

Step 2: Modification with a linear C16/C 18 carboxylic acid
331.8 g (1.2 mol) of a linear C16/18 carboxylic acid (Wilfarin® SA-1865) was added to the

reaction mixture. The reaction mixture was kept at 160 °C under reduced pressure until an

acid number of 15 mg KOH/g was obtained. The overall reaction time is 7 hours.

The analytical data of the product obtained are summarized in table 1.

Comparative Example 2

Synthesis of a hyperbranched polyester, modified with a linear C22 carboxylic acid

Step 1: Synthesis of the hyperbranched polyester core

1.88 g trimethylolpropane (0.014 mol), 375.5 g dimethylolpropionic acid (2.8 mol), 74.7 g
(0.0187 mol) of polypropylenglycole having an M,, of 4000 g/mol (Pluriol® P4000) and 1.44 g
methanesulfonic acid (0.015 mol) were added to a 2 L reaction vessel equipped with N2 inlet,
thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of
160°C. The reaction mixture was kept at 160 °C under reduced pressure until an acid

number of 24 mg KOH/g was reached.

Step 2: Modification with a linear C22 carboxylic acid
801.6 g (2.4 mol) of a C22 carboxylic acid (Palmera® A8522) was added to the reaction

mixture. The reaction mixture was kept at 160 °C under reduced pressure until an acid

number of 14 mg KOH/g was obtained. The overall reaction time is 9 hours.

The analytical data of the product obtained are summarized in table 1.

Comparative Example 3

Synthesis of a hyperbranched polyester, modified with a mixture of C16 to C22 carboxylic

acids
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Step 1: Synthesis of the hyperbranched polyester core

1.88 g trimethylolpropane (0.014 mol), 375.5 g dimethylolpropionic acid (2.8 mol), 74.7 g
(0.0187 mol) polypropylenglycole having an M, of 4000 g/mol (Pluriol® P4000) and 1.44 g
methanesulfonic acid (0.015 mol) were added to a 2 L reaction vessel equipped with N2 inlet,
thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of
160°C. The reaction mixture was kept at 160 °C under reduced pressure until an acid

number of 20 mg KOH/g was reached.

Step 2: Modification with a mixture of linear C16 to C22 carboxylic acids

732 g (2.4 mol) of a mixture of linear C16 to C22 carboxylic acids (Palmera® BLC50) was
added to the reaction mixture. The reaction mixture was kept at 160 °C under reduced
pressure until an acid number of 13 mg KOH/g was obtained. The overall reaction time is 9
hours.

The analytical data of the product obtained are summarized in table 1.

Comparative example 4

Synthesis of a hyperbranched polyester, modified with a branched C18 carboxylic acid

Step 1: Synthesis of the hyperbranched polyester core

0.94 g trimethylolpropane (0.0070 mol), 187.7 g dimethylolpropionic acid (1.4 mol), 37.4 g
(0.0093 mol) polypropylenglycole having an M,, of 4000 g/mol (Pluriol® P4000) and 0.72 g
methanesulfonic acid (0.0075 mol) were added to a 2 L reaction vessel equipped with N2 inlet,
thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of 160°C.
The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 22

mg KOH/g was reached.

Step 2: Modification with a branched C18 carboxylic acid

350.6 g (1.2 mol) of a branched C18 carboxylic acid (isostearic acid, Prisorine® 3505) were
added to the reaction mixture. The reaction mixture was kept at 160 °C under reduced pressure
until an acid number of 14 mg KOH/g was obtained. The overall reaction time is 7 hours.

The analytical data of the product obtained are summarized in table 1.
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Comparative example 5:

Synthesis of a hyperbranched polyester, modified with a linear C16/18 carboxylic acid and a
branched C18 carboxylic acid (molar ratio 0.25 : 0.75)

The synthesis was carried out in the same manner as in comparative example 6, except that
the molar ratio of the linear C16/18 carboxylic acid to the branched C18 carboxylic acid was
0.25:0.75.

The analytical data of the product obtained are summarized in table 1.

Comparative Example 6

Synthesis of a hyperbranched polyester, modified with a linear C16/18 carboxylic acid and a

branched C18 carboxylic acid (molar ratio 1:1)

Step 1: Synthesis of the hyperbranched polyester core

0.94 g trimethylolpropane (0.0070 mol), 187.7 g dimethylolpropionic acid (1.4 mol), 37.4 g
(0.0093 mol) polypropylenglycole having an M,, of 4000 g/mol (Pluriol® P4000) and 0.72 g
methanesulfonic acid (0.0075 mol) were added to a 2 L reaction vessel equipped with N2 inlet,
thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of 160°C.
The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 24

mg KOH/g was reached.

Step 2: Modification with a mixture of a linear C16/18 carboxylic acid and a branched C18

carboxylic acid
165.9 g (0.6 mol) of a linear C16/18 carboxylic acid (Wilfarin® SA1865) and 177.3 g (0.6 mol)

of a branched C18 carboxylic acid (Prisorine® 3505) and were added to the reaction mixture.

The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 14
mg KOH/g was obtained. The overall reaction time is 9 hours.

The analytical data of the product obtained are summarized in table 1.

Comparative example 7

Synthesis of a hyperbranched polyester, modified with a linear C16/18 carboxylic acid and a
branched C18 carboxylic acid (molar ratio 0.75 : 0.25)

The synthesis was carried out in the same manner as in comparative example 6, except that
the molar ratio of the linear C16/18 carboxylic acid to the branched C18 carboxylic acid was
0.75:0.25.
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The analytical data of the product obtained are summarized in table 1.

Comparative Example 8:

Synthesis of a hyperbranched polyester, modified with a linear C22 carboxylic acid and a
branched C18 carboxylic acid (molar ratio 0.25 : 0.75)

Step 1: Synthesis of the hyperbranched polyester core

0.94 g trimethylolpropane (0.0070 mol), 187.7 g dimethylolpropionic acid (1.4 mol), 37.4 g
(0.0093 mol) polypropylenglycole having an M, of 4000 g/mol (Pluriol® P4000) and 0.72 g
methanesulfonic acid (0.0075 mol) were added to a 2 L reaction vessel equipped with N2 inlet,

thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of 160°C.
The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 21

mg KOH/g was reached.

Step 2: Modification with a linear C22 carboxylic acid and a branched C18 carboxylic acid
263.0 g Prisorine 3505 (0.9 mol) and 100.2 g Palmera A8522 (0.3 mol) were added to the

reaction mixture. The reaction mixture was kept at 160 °C under reduced pressure until an

acid number of 13 mg KOH/g was obtained. The overall reaction time is 8 hours.

The analytical data of the product obtained are summarized in table 1.

Example 1:
Synthesis of a hyperbranched polyester, modified with a linear C22 carboxylic acid and a

branched C18 carboxylic acid (molar ratio 1 : 1)

Step 1: Synthesis of the hyperbranched polyester core

0.94 g trimethylolpropane (0.0070 mol), 187.7 g dimethylolpropionic acid (1.4 mol), 37.4 g
(0.0093 mol) polypropylenglycole having an M, of 4000 g/mol (Pluriol® P4000) and 0.72 g
methanesulfonic acid (0.0075 mol) were added to a 2 L reaction vessel equipped with N2 inlet,
thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of 160°C.
The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 21

mg KOH/g was reached.
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Step 2: Modification with a linear C22 carboxylic acid and a branched C18 carboxylic acid
200.4 g (0.6 mol) of a linear C22 carboxylic acid (Palmera® A8522) and 175.3 g (0.6 mol) of a
branched C18 carboxylic acid (Prisorine® 3505) and were added to the reaction mixture. The

reaction mixture was kept at 160 °C under reduced pressure until an acid number of 15 mg
KOH/g was obtained. The overall reaction time is 9 hours.

The analytical data of the product obtained are summarized in table 1.

Example 2:
Synthesis of a hyperbranched polyester, modified with a linear C22 carboxylic acid and a

branched C18 carboxylic acid (molar ratio 0.75 : 0.25)

The synthesis was carried out in the same manner as in example 1, except that the molar ratio
of the linear C22 carboxylic acid to the branched C18 carboxylic acid was 0.75 : 0.25.

The analytical data of the product obtained are summarized in table 1.

Example 3:
Synthesis of a hyperbranched polyester, modified with a linear C22 carboxylic acid and a

branched C18 carboxylic acid (molar ratio 0.83 : 0.17)

The synthesis was carried out in the same manner as in example 1, except that the molar ratio
of the linear C22 carboxylic acid to the branched C18 carboxylic acid was 0.83 : 0.17.

The analytical data of the product obtained are summarized in table 1.

Example 4:
Synthesis of a hyperbranched polyester, modified with a linear C22 carboxylic acid and a

branched C18 carboxylic acid (molar ratio 0.92 : 0.08)

The synthesis was carried out in the same manner as in example 4, except that the molar ratio
of the linear C22 carboxylic acid to the branched C18 carboxylic acid was 0.92 : 0.08.

The analytical data of the product obtained are summarized in table 1.

Example 5:
Synthesis of a hyperbranched polyester, modified with a linear C16 to C22 carboxylic acid

and a branched C18 carboxylic acid (molar ratio 0.75 : 0.25)
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Step 1: Synthesis of the hyperbranched polyester core

0.94 g trimethylolpropane (0.0070 mol), 187.7 g dimethylolpropionic acid (1.4 mol), 37.4 g
(0.0093 mol) polypropylenglycole having an M,, of 4000 g/mol (Pluriol® P4000) and 0.72 g
methanesulfonic acid (0.0075 mol) were added to a 2 L reaction vessel equipped with N2 inlet,
thermometer, stirrer and distillation column.

The reaction mixture was slowly heated with the help of an oil bath to a temperature of 160°C.
The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 20

mg KOH/g was reached.

Step 2: Modification with a mixture of a linear C16 to C22 carboxylic acid and a branched C18

carboxylic acid
274.5 g (0.9 mol) of a linear C16 to 22 carboxylic acid (Palmera® BLC50) and 87.7 g (0.3 mol)

of a branched C18 carboxylic acid (Prisorine® 3505) and were added to the reaction mixture.

The reaction mixture was kept at 160 °C under reduced pressure until an acid number of 15
mg KOH/g was obtained. The overall reaction time is 7 hours.

The analytical data of the product obtained are summarized in table 1.

In the following table 1, the samples prepared are summarized together with properties of the

thus obtained modified polyesters.

The analysis was carried out in the following manner:

Acid number

The acid number was determined according to DIN53402, 1990 and is provided as mg KOH

per g of polymer.

Molecular weights M, and My

The weight average molecular weight Mw and number average molecular weight Mn were

determined using gel permeation chromatography calibrated to a polystyrene standard

Melting point
The melting point or the glass transition temperature (T,) was determined using differential

scanning calorimetry.
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C18 branched (0.75 : 0.25)

Example | Fatty acid(s) used for step 2 Mn Mw Melting point [°C]
No. (molar ratio) [mol/g] [mol/g]
Cc1 C16/18 linear, saturated 6275 16006 437
Cc2 C 22 linear, saturated 7088 19270 65.0
C3 C16 — C 22 linear, saturated 6824 17873 51.2
C4 C18, branched 6425 10568 -34.9 (Tg)
C5 C 16/18 linear, saturated + 5934 10617 nd
C18 branched (1:1)
C6 C 16/18 linear, saturated + 6228 10812 nd
C18 branched (0.25 : 0.75)
Cc7 C 16/18 linear, saturated + 6150 11926 nd
C18 branched (0.75 : 0.25)
Cc8 C22 linear, saturated + 6748 12425 326
C18 branched (0.25:0.75)
1 C22 linear, saturated + 5395 12601 47.2
C18 branched (1:1)
2 C22 linear, saturated + 6103 14186 57.2
C18 branched (0.75:0.25)
3 C22 linear, saturated + 6457 13985 61.0
C18 branched (0.83 :0.17)
4 C22 linear, saturated + 6336 14885 63.6
C18 branched (0.92:0.08)
5 C16-22 linear, saturated + 7388 13096 47.4
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Performance tests

Tests were carried out using the hydrophobically modified, hyperbranched polyesters as
such, as well as solutions in a commercially available aromatic hydrocarbon solvent
(Solvesso® 150 ND, flashpoint 63°C, distillation range 175°C to 205°C, aromatics 95 % by
weight).

Test methods
Crude oil

For the tests, a crude oil from the “Landau” oilfield in south-west Germany (Wintershall
Holding GmbH).

The crude was homogenized at 158°F (70°C) for two hours within the sample container. The
density and API gravity were determined with a DMA 4500 from Anton Paar. The Wax
Appearance Temperature (WAT) was measured with a Differential Scanning Calorimeter
(DSC) 823 from Mettler Toledo using a temperature ramp of -3°C/min. The No Flow Point
(NFP) was determined by using a Pour Point Tester (PPT 45150) from PSL Systemtechnik
GmbH.

Its properties are the following:

. Wax appearance 23 . .
API-Grade Den5|t3y Temperature No Flc:w point Pouz point
[g/em?] °C] [°C] [°C]
24
36,75 0,8402 51 22.6

Pour Point and No Flow Point

The pour point (PP) was measured in Landau oil at a polymer concentration of 1000 ppm.
The Pour Point was determined by using the equipment from PSL Systemtechnik GmbH
Pour Point Tester model 45150. The operation principle is based on the rotational method
ASTM D5985. After inserting a sample to the Pour Point tester, the sample is heated to 70°C
and then cooled down until the Pour Point is reached. Simultaneously, the sample cup is
slowly rotated (0,1 rpm). A temperature sensor inserted in the sample measures its
temperature and at the same time serves as a pendulum. When the sample gets more
viscous, the temperature sensor is deflected by the rotational move. When the deflection is
high enough, the upper end of the temperature sensor triggers a signal by crossing a light
barrier. This indicate that the Pour Point is reached. After that, the sample is heated again up

to 70°C. The result given by the equipment is a non-flow point of the oil. In order to obtain the
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ASTM pour point value, the non-flow point is increased to the next higher value dividable by
3.

Viscosity
Anton Paar MCR 305 Oscillation; Shear deformation: 1%; Frequency: 1Hz for solutions of

the products in hydrocarbons. For the polymers without solvent, the shear rate was 50 Hz.

The data are summarized in tables 2 and 3. Figure 2 shows the resultant pour points in
Landau oil (1000 ppm) together with the viscosities of solutions of the polymers (50 wt. %) in
Solvesso® 150 ND at 20°C.
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Table 2 shows the results of performance tests in which a linear C16/C18 carboxylic acids or
combinations of a linear C16/C18 carboxylic acid with a branched C18 carboxylic acid were
used.

Comparative example C1 shows a sample in which only the linear C16/C18 carboxylic acid
was used for modification. A 50 wt. % solution in a high boiling hydrocarbon liquid (Solvesso®
150 ND) reduces the pour point from 24 °C to 15°C and the no flow point by 8.8°C from
22.6°C to 13.8°C. So, the polymer acts as a pour point depressant but its performance is
only moderate. The melting point of the solution is 13.45°C, which is too much if the use of
the formulation in cold regions is envisaged.

Substituting the linear C16/C18 carboxylic acid completely by a branched C18 carboxylic
acid (comparative example C4) yields a formulation in 50 wt. % of hydrocarbons which
remains liquid even at very low temperatures. So, regarding this point only, it were an
excellent product for use in cold environments. However, there is no longer any significant
reduction of the pour point of the crude oil.

In comparative examples C5, C6, and C7, mixtures of the linear C16/C18 carboxylic acid and
the branched C18 carboxylic acid were used with increasing amount of the branched
carboxylic acid, the melting point decreased, however, all of the samples showed no
performance as pour point depressant.

Table 3 shows the results of performance tests in which a linear C22 carboxylic acids or
combinations of a linear C22 carboxylic acid with a branched C18 carboxylic acid were used.

In comparative example C2, a linear C22 carboxylic acid was used for modification. The
sample has an excellent performance as pour point depressant (far better than with the
C16/18 carboxylic acid), however, the melting point was nearly 37°C which is insufficient,
even when not working in cold environments.

In comparative example C3, a linear C16/22 carboxylic acid was used for modification.

In comparative example C8 and examples 1 to 4, mixtures of the linear C22 carboxylic acid
and the branched C18 carboxylic acid were used for modification. The proportion of the two
components were varied. In comparative example C8, the proportion linear / branched was
0.25/0.75. The low temperature properties were excellent, but the performance as pour
point depressant poor. A proportion linear / branched of 1 : 1 (example 1) yields a significant
reduction of the melting point and still has a good performance as poor point depressant.
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Figure 2 summarizes the findings of the pour point measurements together with the viscosity

measurements.
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Claims:

Hydrophobically modified, hyperbranched polyesters, obtainable by the following
process:

@) reacting a mixture comprising at least a polyol (A) comprising at least 3 hydroxy
groups and a molecule (B) comprising one carboxylic acid group and at least two
hydroxy groups, by heating the mixture to a temperature of at least 100°C,
wherein the molar ratio (B) : (A) is from 1000 : 1 to 10 : 1, thereby obtaining a
hyperbranched polyester comprising terminal hydroxy groups; and

(b) Reacting the mixture obtained in course of step (a) with a mixture of
monocarboxylic acids (D) by heating to a temperature of at least 100°C, thereby
esterifying at least a part of the terminal OH-groups of the polyester obtained in
course of step (a), wherein the monocarboxylic acids (D) comprise

(D1) atleast one linear, saturated aliphatic carboxylic acid, wherein at least
one of the carboxylic acids (D1) comprises at least 20 carbon atoms, and

(D2) atleast one branched, saturated aliphatic carboxylic acid (D2) comprising
at least 4 carbon atoms,

wherein the molar ratio (D1) : (D2) is from 1:2to 15: 1.

Polyesters according to claim 1, wherein the reaction mixture in step (a) comprises
additionally a diol (C) having a molecular weight of at least 100 g/mol, wherein the molar
ratio (B) : (C) is from 1000 : 1 to 10 : 1.

Polyesters according to any of claims 1 or 2, wherein the reaction in course of step (a) is
carried out in the presence of at least one acid.

Polyesters according to any of claims 1 to 3, wherein at least one of the carboxylic acids
(D1) comprises at least 22 carbon atoms.

Polyesters according to any of claims 1 to 4, wherein the molar ratio (D1) : (D2) is from
1:1t012: 1.

Polyesters according to any of claims 1 to 5, wherein the temperature in course of step
(a) is from 120°C to 200°C.

Polyesters according to any of claims 1 to 6, wherein the amount of carboxylic acids
(D1) comprising at least 20 carbon atoms is at least 50 % by weight, relating to the total
of all carboxylic acids (D1).
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Polyesters according to any of claims 1 to 6, wherein the carboxylic acids (D1) comprise
a mixture of carboxylic acids having 20, 22, and 24 carbon atoms.

Polyesters according to any of claims 1 to 8, wherein the branched, saturated aliphatic
carboxylic acid(s) (D2) comprise at least 12 carbon atoms.

Formulation of polyesters comprising at least

e ahydrocarbon or a mixture of different hydrocarbons having a boiling point of at
least 100°C, and

e a hydrophobically modified, hyperbranched polyester according to any of claims
1to 9.

Formulation according to claim 9, wherein the amount of the hydrocarbon or the
hydrocarbon mixture is from 40 % to 90 % by weight, and the amount of the polyester is
from 10 % to 75% by weight, in each case relating to the total of all components of the
formulation.

Use of a hydrophobically modified, hyperbranched polyester according to any of claims 1
to 8 as pour point depressant for crude oil by adding at least a hydrophobically modified,
hyperbranched polyester according to claims 1 to 8 to the crude oil.

Use according to claim 12, wherein a formulation of the hydrophobically modified,
hyperbranched polyesters is used, wherein the formulation comprises at least

e ahydrocarbon or a mixture of different hydrocarbons having a boiling point of
at least 100°C, and

¢ a hydrophobically modified, hyperbranched polyester according to any of
claims 1 to 9.

Use according to claims 12 or 13, wherein the amount of the hydrophobically modified,
hyperbranched polyesters is 50 to 3000 ppm based on the crude oil.

Use of a hydrophobically modified, hyperbranched polyester according to any of claims 1
to 8 as wax inhibitor for crude oil by adding at least a hydrophobically modified,
hyperbranched polyester according to claims 1 to 8 to the crude oil.



