WO 2006/ 087112 PCT/ EP2006/ 000983 1 Description Use
of polyesters in the formof gas hydrate inhibitors
The present invention relates to the use of polyesters
for inhibiting nucleation, growth and/or
gyiesAtoon of gas hydrates by adding a |
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these gas hydrates constitutes a great problem, especially when wet gas or
multiphasic mixtures of water, gas and alkane mixtures are subjected to low
temperatures under high pressure. As a consequence of their insolubility and
crystalline structure, the formation of gas hydrates leads here to the blockage of
a wide variety of exiraction equipment such as pipelines, valves or production
equipment in which wet gas or muitiphasic mixtures are transported over
relatively long distances at relatively low temperatures, as occurs especially in
colder regions of the earth or on the seabed.

Moreover, gas hydrate formation can also lead to problems in the course of the
drilling operation to develop new gas or crude oil deposits at the appropriate
pressure and temperature conditions by the formation of gas hydrates in the
drilling fluids.
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carbon backbone which contain both cyclic (pyrrolidone or caprolactam radicals)

and acyclic amide structures in the side groups.

For instance, W0-94/12761 discloses a process for kinetically inhibiting gas
hydrate formation by the use of polyvinyllactams having a molecular weight of
Mw > 40 000 D, and WO-93/25798 discloses such a process using polymers
and/or copolymers of vinylpyrrolidone having a molecular weight of My > 5000 to
40 000 D.

EP-A-0 896 123 discloses gas hydrate inhibitors which may comprise
copolymers of alkoxylated methacrylic acid without alkyl end capping and cyclic
N-vinyl compounds.
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It was thus an object of the present invention to find improved additives which
both slow the formation of gas hydrates (kinetic inhibitors) and keep gas hydrate
agglomerates small and pumpable (antiagglomerants), in order thus to ensure a
broad spectrum of application with high potential action. Furthermore, they
should be capable of replacing the currently used thermodynamic inhibitors
(methanol and glycols), which cause considerable safety problems and logistical
problems.

~ As has now been found, surprisingly, that both water-soluble and oil-soluble
- polyesters are suitable as gas hydrate inhibitors. According to the structure,
these polyesters may both retard nucleation and the growth of gas hydrates
(kinetic gas hydrate inhibitors} and suppress the agglomeration of gas hydrates
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i nvention therefore provides for the use of polyesters

havi ng a nunber - averﬁae nol ecul ar wei ght of from 500
to 500 000 g/ nol, prepdrable by reacting a conpound
of the formula 1 O AA (OHn /~ (1) HOiIn which n

is 0, 1 or 2 and Ais Oradlcal substituted as
go(io ke formila 2 B(OH m (2)

desired with a cdipound
in which mis from?2 to)&and B is (&) C2-C40 radical
substituted as desir in nmounts of fromO0.01 to 2%
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in Wiidhat ie D, roradiHe® BSis BN ES, Mdical sttt dRMHGedW th a

: organi ¢ phase. The i1 nvention
W'tE ?‘ﬁﬁ§°‘ﬁ¢do@ﬁ8§§°8@“@'3%ess for inhibiting the
formation of gas hydrates by adding polyesters as
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to an aqueous phase, in whi'ch g s) hydrate formation is
to be prevented, in contact with a gaseous, liquid or
in wioikh dn tﬁfg@nimtopﬁaad B is a C,-Cyg radical substituted as desired, in

amounts of from 0.01 to 2% by weight for preventing the formation of gas
hydrates in aqueous phases which are in contact with a gaseous, liguid or solid
organic phase.

The invention further provides a process for inhibiting the formation of gas
hydrates by adding polyesters as defined above in amounts of from 0.01 to 2%
by weight to an agueous phase, in which gas hydrate formation is to be
prevented, in contact with a gaseous, liquid or solid organic phase.

A is preferably an alkylene radical having from 2 to 6 carbon atoms.

B is preferably an alkylene radical having from 2 to 6 carbon atoms.

m is preferably from 2 to 6.

The polyesters to be used in accordance with the invention are preparable by

 processes known from the literature by condensing substituted dicarbdxylic acids
- with diols or polyols.
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The molecular weight of the inventive polyesters is preferably between 500 and
- 500 000 g/mol, more preferably between 1000 to 50 000 g/mol.

The polyesters can be used alone or in combination with other known gas
hydrate inhibitors. In general, a sufficient amount of the inventive gas hydrate
inhibitor is added to the system which tends to form hydrates that sufficient
inhibition is obtained under the given pressure and temperature conditions. The
polyesters are generally used in amounts between 0.01 and 2% by weight
(based on the weight of the aqueous phase), corresponding to 100 -

20 000 ppm, preferably from 0.02 to 1% by weight. When the polyesters are

~ used in a mixture with other gas hydrate inhibitors, the concentration of the
mixture is from 0.01 to 2 or from 0.02 to 1% by weight in the aqueous phase.
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Preparation of the polyesters Exanple 1 Preparation
Ex@ind@ed artaric aci d-glycerol polyester (variant 1) In a
500 M four-neck flask with stirrer, thernoneter,
nitrogen purge and distillation system 120 g of

Preparatioaof theapolgest®s g of gl ycerol and 2.2 g of
p-tol uenesul fonic acid were m xed and heated to 140C.
Wthin 10 h at 140- 145C, approx. 24 nml of water were
Examgple 1) ed of f. The resulting pol yester has an acid
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Example 2
- Preparation of a tartaric acid-glycerol polyester (variant 2)

In a 500 ml four-neck flask with stirrer, thermometer, nitrogen purge and
distillation system, 120 g of L-tartaric acid, 96 g of glycerol and 2.2 g of
p-toluenesulfonic acid were mixed and heated to 140°C. Within 4 h at 140-
145°C, approx. 20 mi of water were distilled off. A further 6 ml of water were then
distilied off at a reduced pressure of approx. 300 mbar for 3 h. The resulting
polyester has an acid number of 60 mg KOH/g.

Example 3
Preparation of .a malic acid-glycerol polyester

[n a 500 ml four-neck flask with stirrer, thermometer, nitrogen purge and
distillation system, 134 g of malic acid, 120 g of glycerol and 2.6 g of

p-toluenesulfonic acid were mixed and heated to 130°C. Within 12 h at 130°C,




Exanpl e 3 Preparation of a malic acid-glycero
polyester In a 500 m four-neck flask with stirrer,
thernmonmeter, nitrogen purge and distillation system
134 g of malic acid, 120 g of glycerol and 2.6 g of
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for investigations of aggl onmerate inhibition,
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2°C within 2 h, then stirred at 2°C for 18 h and heated back to 17.5°C within 2 h.

At first, a pressure decrease corresponding to the thermal compression of the
gas is observed. When the formation of gas hydrate nuclei occurs during the-
cooling time, the pressure measured falls, and a rise in the torque measured and
a slight increase in the temperature are observed. Without inhibitors, further
growth and increasing agglomeration of the hydrate nuclei lead rapidly to a
further rise in the torque. When the mixture is heated, the gas hydrates
“decompose, so that the starting state of the experimental series is attained.

The measure used for the inhibiting action of the polyesters is the time from the
attainment of the minimum temperature of 2°C until the first gas absorption (Ting)
or the time until the torque rises (T.qq). Long induction times or agglomeration
times indicate an effect as a kinetic inhibitor. The torque measured in the
autoclave serves, in contrast, as a parameter for the agglomeration of the




deconpose, so that the starting state of the
experimental series is attained. The measure used for
the inhibiting action of the polyesters is the tine
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the installations serving for gas transport and for
Tegbesgkgracti on. Test results Conposition of the
natural gas used: nethane 87.6% ethane 1.26% propane
0.08% butane 0.02% carbon dioxide 0.35% nitrogen
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Polyester from Tina () Tagg (h)
example
blank value 0 0
1 ' 3.5 3.6
2 4.1 4.1
3 4.6 4.6
4 4.1 4.2

comparison - 3.0 3.1

As can be seen from the above test results, the polyesters to be used in
accordance with the invention are effective as kinetic hydrate inhibitors, and
show a significant improvement over the prior art.

In order to test the action as agglomerate inhibitors, the test autoclave used

- above was initially charged with water and white spirit (20% of the volume in a
ratio of 1:2) and, based on the water phase, 5000 ppm of the partlcular additive
were added.

At an autoclave pressure of 90 bar and a stirrer speed of 5000 rpm, the
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~a commercially avail abl e anti aggl oner ant (quat ernary

~amoni um ofl { Potyester ffromexampte—TFagg—H) Mmax
Nem bl ankolygsies figm example) 3Tgq$h)0 Maxﬁ\lozm 3 3.8
3.1 4 4/0 3. igewanéson 2. 2 3 4 As| canqbg segn from
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As can be seen from these examples, the torques measured are greatly reduced
in comparison to the blank value in spite of gas hydrate formation. This suggests
significant agglomerate-inhibiting action of the products to be used in accordance
with the invention. In addition, these products, under the test conditions, also

have significant action as kinetic inhibitors. All examples show significantly better

performance than the commercially available antiagglomerant (comparison =
state of the art).
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10 Cdaims 1. The use of polyesters having a
nunber - aver age nol ecul ar wei ght of from 500 to 500
000 g/ nol, preparable by reacting a conpound of the
whbop HO AA (OH)" (1) HO Oin whi ' '
or %odég%ﬂA@l s a Cl-C40 radi ﬁ:(? substi t ut e?%@%?sal%ﬁeoé}oggs
V\Athacorrpound of the for a2 B(OHm(2) in which m
fnd rom2 to 10 and B is a C2-CA0 radi cal substituted
' as desired, in anounts of fromO0.01 to 2% by wei ght
for the preventing the formation of gas hydrates in
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tartaric acid, malic aC|d, mal ei ¢ acid, fumaric acid,

mal oni ¢ acid, adipic agid, succinic acid or phthalic

acid. 3. The use as clginmed in claim1l and/or 2, in

whi ch the conpound of fhe formula 2 is glycerol,

di gl ycerol, trigl¥ﬁs ol ;> ap@myy! ycer ol

trimet hyl ol propane,™ pentlaerythritol4, sorbitol,

et hyl ene gl ycol, diethy lycol, p}opylene gl ycol,

dipropylene gl ycol dﬁCbutanégiol 4. The use as
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with a compound of the formula 2
B(OH)m (2)

in which m is from 2 to 10 and B is a C»-Cy4, radical substituted as desired, in
amounts of from 0.01 to 2% by weight for the preventing the formation of gas
hydrates in aqueous phases which are in contact with a gaseous, liquid or solid
organic phase.

2. The use as claimed in claim 1, in which the compound of the formula 1is
tartaric ac:ld malic acid, maleic acid, fumaric acid, malonic acid, adipic acid,
succinic acid or phthalic acid.

3. The use as claimed in claim 1 and/or 2, in which the compound of the
formula 2 is glycerol, diglycerol, triglycerol, polyglycerol, trimethylolpropane,
pentaerythritol, sorbitol, ethylene glycol, diethylene glycol, propylene glycol,
dipropylene giycol or butanediol.

4, The use as claimed in one or more of claims 1 to 3, where the molecular
weight is between 1000 and 50 000 g/mol.




