WO 2006/ 084613 PCT/ EP2006/ 000864 1 Description Polynmers and their
production and use as gas hydrate inhibitors The present invention rel ates
to polymers consisting of substituted polyesters, to their preparation and
to their use, and to a process for inhibiting nucleation, growh and/or
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pressure. As a consequence of their insolubility and crystalline
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as occur gppspridtal pgsi molecules. The lattice structure formed from the water
molecules is thermodynamically unstable and is only stabilized by the
incorporation of guest molecules. Depending on pressure and gas composition,
these icelike compounds can exist even beyond the freezing point of water (up to
above 25°C).

In the crude oil and natural gas industry, great significance attaches in particular
fo the gas hydrates which form from water and the natural gas constituents
methane, ethane, propane, isobutane, n-butane, nitrogen, carbon dioxide and
hydrogen sulfide. Especially in modern natural gas extraction, the existence of
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 b!ockagé of
a wide variety of extraction equipment such as pipelines, valves or production
equipment in which wet gas or multiphasic 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 iead to problems in the course of the

drilling- operation to develop new gas or crude oil deposits at the appropriate




col der regions of the earth or on the seabed. Mboreover, gas hydrat e
formation can also lead to problenms in the course of the drilling
operation to devel op new gas or crude oil deposits at the appropriate WO
2006/ 084613 PCT/ EP2006/ 000864 2 pressure and terrper ature conditions by the
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to the known thermpdynamic inhibitors, are a nultitude of nonomeric and
al so polymeric substance cl asses whi ch are kinetic inhibitors or
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having aadding additives in amounts of < 2% in temperature and pressure ranges in
which gas hydrates can form. These additives either delay gas hydrate formation
(kinetic inhibitors) or keep the gas hydrate agglomerates small and therefore
pumpable, so that they can be transported through the pipeline (agglomerate
inhibitors or antiagglomerants). The inhibitors used either prevent nucleation
and/or the growth of the gas hydrate particles, or modify the hydrate growth in
such a way that relatively small hydrate particles resuilt. '

The gas hydrate inhibitors which have been described in the patent literature, in
addition to the known thermodynamic inhibitors, are a multitude of monomeric
and also polymeric substance classes which are kinetic inhibitors or
antiagglomerants. Of particular significance in this context are polymers having a
carbon backbone which contain both cyclic (pyrrolidone or caprolactam radicals)
and acyclic amide structures in the side groups.

For instance, WO-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-83/25798 discloses such a process using polymers
and/or copolymers of vinylpyrrolidone having a molecular weight of My > 5000 to
40 000 D.




carbon backbone which contain both cyclic (pyrrolidone or caprolactam

radi cal's) and acyclic am de structures in the side groups. For instance,
WO 94/ 12761 di scl oses a process for kinetically inhibiting gas hydrate
formati on by the use of polyvinyllactans having a nol ecul ar wei ght of M

40 000 D, wam@0u€)083625798 di scl oses such a process usi NGCHMEFIEICIO0FEY or
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' The additives described have only limited efficacy as kinetic gas hydrate
inhibitors and/or antiagglomerants, have to be used with coadditives, or are
unobtainable in a sufficient amount or obtainable only at high cost.

- In order to be able to use gas hydrate inhibitors even in the case of greater
cooling than currently possible, i.e. further within the hydrate region, a further
enhancement of action is required in comparison to the prior art hydrate

- inhibitors. In addition, improved products are desired with regard to their
biodegradability and toxicity.

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, both water-soluble and oil-soluble




inhibitors. In addition, inproved products are desired with regard to their
bi odegradability and toxicity. It was thus an object of the present
invention to find inproved additives which both slow the formation of gas
hydrates (kinetic inhibitors) and keep gas hydrate agglonerates small and
punpabl e } ants), in order thus to ensure a @ ctrum of
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capabl e of replacing the currently used thernodynam ¢ inhibitors (nethanol
and gl ycol . i ch cause considerable safety problens and | ogi stical

probl ens. %Y t'“‘ﬁ% H%%@?ﬂaﬁeﬂﬂt@gﬁ’sﬁ 99% EYW@TWPR@HPW-M@@%WQ%B% and

oi | - sol ubdteicitde 20e6¢ PBRE LRI PETEVERAD 06aADAGAdatich andid drowetopghyesters are
sui-tabl e : WAl TN T IE rdi struct ur t hese

ol yest o Duraes (gt bt hAlkosASnd bRt o Ao bons oc

(ki neti c Rysisaty dantiagoiamendnisdr s) and suppress the aggl oneration of gas

hydrat es (anti aggl onerants). The invention therefore provides polyners
havi ng a unber-avera?qe%ﬂno ecul ar ht of from500 to 500 000 g/ nol,
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HO O i n wkeight of frasn 600 1o 600 D0ArgimAlipseparGble®)0 radi cal substituted as
desired ithegg f l.ia 2 B(OHm (2) in which mis from?2
to 10 ande ié a&%&%ﬁpﬁmié‘ﬁh&ﬁ%@w?& ed as desired, B) subsequently
“reacting the product thus obtained with a nitrogen- containing carboxylic
acid which comprises from1 to 20 carbon atons, where

)LA (OH),
AN

HO o

in whichnis 0, 1 or 2 and A is a C4-C4p radical substituted as desired
with a compound of the formula 2

HO
(1)

B(OH)n (2)

in which mis from 2 to 10 and B is a C,-Cy radical substituted as desired,

B) subsequently reacting the product thus obtained with a nitrogen-
containing carboxylic acid which comprises from 1 to 20 carbon atoms, where
the molar ratio between the number of free OH groups of the polyester obtained
in step A and the nitrogen-containing carboxylic acid is between 1:0.1 and 1:1.

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

The invention further provides for the use of the inventive polymers 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, liquid or solid organic
phase. '



the nolar ratio between the nunber of free OH groups of the polyester
obtained in step A and the nitrogen-containing carboxylic acid is between
1:0.1 and 1:1. The invention further provides a process for inhibiting the
formati on of gas hydrates by addi ng pol yners as defined above in anounts
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5 A is prigiepebdrabgraredikylens eadiasl Heding Worh Mol d e8pdntfofiscar bon atons. B
is preferably an al kyl ene radi cal having from2 to 3 carlso'on atons. mis

preferably from2 to 6. The inventive polyners are preparable by processes
known fr dfhis Reefenabbrfaemrdtody. condensi ng substituted di carboxylic acids
with diols or polyols and then esterifying the free OH groups with an
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Subsequently, the resulting polyester is reacted with an N-containing carboxylic
acid or the mixture of one with a fatty acid having from 6 to 30 carbon atoms or a
carboxylic acid containihg aromatic radicals. The proportion of the N-containing
carboxylic acid, when such a mixture is used, is preferably at least 30 mol%, in
particular 50 mol%. _ '

In a preferred embodiment, the compounds of the formula (1) are the following
dicarboxylic acids: tartaric acid, malic acid, maleic acid, fumaric acid, malonic
acid, adipic acid, succinic acid, itaconic acid, phthalic acid.

In a preferred embodiment, the compounds of the formula (2) are the following
diols or polyols: glycerol, diglycerol, triglycerol, polyglycerol, trimethylolpropane,
pentaerythritol, sorbitol, ethylene glycol, diethylene glycol, propylene glycol,
dipropylene glycol, butanediol.

Preferred N-containing carboxylic acids are: pyroglutamic acid, glutamic acid, .
aceturic acid, aspartic acid.

When fatty acids are also used in addition to N-containing carboxylic acids,
preference is given to the following fatty acids: coconut fatty acid, tall oil fatty




di carboxylic acids: tartaric acid, malic acid, naleic acid, fumaric acid,
mal onic acid, adipic acid, succinic acid, itaconic acid, phthalic acid. In
a preferred enbodi nent, the conpounds of the forrmula (2) are the follow ng
diols or polyols: glycerol, diglycerol, triglycerol, polyglycerol

trimet hyl entaerythritol, sorbitol, ethyle |... diethyl ene
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uncatal yzed or with acidic catalysis as known in the prior art at
terrperatulyes om 120 tgo 250C. The nol ecul ar wei ght of the inventive
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uncatalyzed or with acidic catalysis as known in the prior art at temperatures of
from 120 to 250°C.

The molecular weight of the inventive polymers is preferably between 500 and
500 000 g/mol, more preferably between 1000 to 50 000 g/mol.

The polymers 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 fo form hydrates that sufficient inhibition is
obtained under the given pressure and temperature conditions. The inventive
gas hydrate inhibitors 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 inventive gas
hydrate inhibitors 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
aquecus phase.

The polymers are preferably used as gas hydrate inhibitors in water-miscible
alcoholic solvents, for example methanol, ethanol, propanol, butanol, ethylene
glycol, and oxyethylated monoalcohols such as butylglycol, isobutylglycol,
butyldiglycol.



The polyners can be used alone or in conbination with other known gas
hydrate inhibitors. In general, a sufficient anount of the inventive gas
hydrate inhibitor is added to the systemwhich tends to form hydrates that
sufficient inhibition is obtained under the given pressure and tenperature
condi ti ongy, 1 ive gas hydrate inhibitors are j in
anount s B@?&ggﬁagg%ﬁﬂ%nd 2% by wei ght, (based on the mgﬁgﬁ%ﬁgk%pﬁiﬁgaﬂeous
phase), corresponding to 100 20 000 anl preferably from0.02 to 1 % by
wei ght. When the inventive gas hydrate inhibitors are used in a m xture

wi th other gas hydrate inhibitors, the concentration of the mxture is
from0.01 to 2 or from0.02 to 1 %by weight in the aqueous phase. The
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al coholic solvents, for exanple nethanol, ethanol, propanol, butanol,

et hyl ene glycol, and oxyethyl at ed nonoal cohol s such as butyl gl ycol,
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Exanpl es Preparation of the polynmers Exanple 1 Preparation of a tartaric
aci d-glycerol polyester (variant 1) In'a 500 mMl four-neck flask with
stirrer, EXeerpiefet er, nitrogen purge and distillation system 120 g of

L-tart ar imrepsidlion ¥ a%aRbrid Yoy Wer@nsbi ' tol uenesul fonic acid were
m xed and hgat ed to 140C. W’t rg;ﬁéeiof@%s%’%gﬁgﬂ‘.aﬁ@ , approx. 24 m of water
were distilled off. The resulting polyester has an acid nunber of 96 ny

KOH g. Blaered ol Ruepecafiasiowith stirregthemsemeer, hitbysiepagenplayest er (vari ant

2) In a 119k = e £l ask. wt. I Leer.. ther none ,_hitrogen purge
and distl Igt[?rﬁ)gytgst?@f g?nO glc%'k?gwgbgl?itdatgﬁeﬁ?fc,ghéﬁﬁral,arﬁ‘{if go?“J gl ycerol and
2.2 g of p-toluenesulfonic acid were mixed and heated to 140°C. Within 10 h at 140-

145°C, approx. 24 mi of water were distilled off. The resulting polyester has an

acid number of 96 mg KOH/g.

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 ml of water were distilled off. A further 6 ml of water were then
distilled 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

In a 500 mi 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,
approx. 32 ml of water were distilled off. The resulting polyester has an acid
number of 88 mg KOH/g.

Exampie 4 _
Preparation of a tartaric acid-ethylene glycol polyester




p-tol uenesul fonic acid were m xed and heated to 140C. Wthin 4 h at 140-
145C, approx. 20 ml of water were distilled off. A further 6 m of water
were then distilled off at a reduced pressure of approx. 300 nmbar for 3 h.
The resulting polyester has an acid nunber of 60 ng KOH g. Exanple 3

Preparat i y£ acid-glycerol polyester In a 500 m four-neck flask
Wi tﬁ sti rgie?%bpﬁ@%ﬁrgter, nitrogen purge and distilldt¢HFRAPAAR0SE4 g

of malic acid, 120 g of glycerol and 26 g of p-toluenesulfonic acid were
m xed and heated to 130C. Wthin 12 h at 130C, approx. 32 m of water were

distilled off. The resulting polyester has an acid nunmber of 98 nmg KOH g.
Exanpl e 4lnRx 8p@und fowrrneatk ﬂaskwimastirmrﬁthedﬂﬁmlé}@r?ﬁi@rogéryEQ}qepéHcVeSter WO
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were distjl.led f. 1’5&? regblr_gl ng polyester has an Id nunber "of 104 ny
KOH g. Ex%%lngng’ehgg 1) 9tartaric acid-glycerol polyester with
pyroglutam c acid A 500 m four-neck flask with stirrer, thernoneter,

ni trogen py Bleajqd distillation systemwas initially charged with 100 g of
tartari clﬁm -glycerol polyester from exanple 1. 90 g of pyroglutamc acid

wer e t herl&@fdiol AfdafiAEc peilglyeioolyaster wiltnpyreghtaricacid 80- 190C whi | e
distilling off the water of reaction for 8 h, in the course of which

ﬁﬁﬁ{)g)r(' 0?& §§b nnglff%%%k t’g}g‘%ﬁﬁétg}er}?gw'er%g%eﬁgr?H;ti:[olggrcﬁ’ p%%eyg% S{Stillarl]t?b?! an acid
system was initially charged with 100 g of tartaric acid-glycerol polyester from
example 1. 90 g of pyroglutamic acid were then added and the reaction mixture
was heated at 180-190°C while distiliing off the water of reaction for 8 h, in the
course of which approx. 10 mi of water were obtained. The resuiting polyester
had an acid number of 57 mg KOH/g.

Example 6
Reaction of a tartaric acid-glycerol polyester with glutamic acid

A 500 ml four-neck flask with stirrer, thermometer, nitrogen purge and distillation
system was initially charged with 100 g of tartaric acid-glycerol polyester from
example 2. 80 g of giutamic acid were then added and the reaction mixture was
heated at 170-180°C while distilling off the water of reaction for 8 h, in the course
of which approx. 15 ml of water were obtained. The resulting polyester had an |
acid number of 48 mg KOH/g.

Example 7

Reaction of a tartaric acid-glycerol polyester with pyroglutamic acid and coconut
fatty acid

A 500 ml four-neck flask with stirrer, thermometer, nitrogen purge and distillation
system was initially charged with 100 g of tartaric acid-glycerol polyester from
example 1. 50 g of pyroglutamic acid and 40 g of coconut fatty acid were then
added and the reaction mixture was heated at 180-190°C while distilling off the




Reaction of a tartaric acid-glycerol polyester with glutamc acid A 500 ni

four-neck flask with stirrer, thernoneter, nitrogen purge and distillation
systemwas initially charged with 100 g of tartaric acid-glycerol polyester
from exanple 2. 80 g of glutami c acid were then added and the reaction

m xture Wag, 170-180C while distilling off t r. of reaction
for 8 h, In t2 gé@%?zﬁe of which appry. 15 m of mte?@\%%%éﬁ%@f‘ The
resul ting polyester had an acid nunb of 48 rrgl KOH g. Exagpl ed7 React![on
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fatty aci@éég?gg%agﬁtlg?iﬂg— ﬁé@ﬁﬁ?r\éaﬁi?%ft"vhigl ggﬁ”@g; %l{ %Pﬁﬂﬁﬁréﬁ“?remtrogen _
purge andobfriner The resultingyalyenterisad an ticil hymisérasf@adngiKOHAIO g of tartaric
aci d-glycerol polyester from exanple 1. 50 g of pyroglutam c acid and 40 g

of coconui fatty acid were then added and the reaction mxture was heated
at 180- 1%’@"%]@8& distilling off the WD 2006/ 084613 PCT/ EP2006/ 000864 9

wat er of Reaationas o tartaBc Beididlydere SoWE<Ier With WikHicaRY 8%d cddorth £19fy Wat er
were obtgi.ned. The resul ti ngg;ypol yest er had gﬁ aci d nunber of 53 r¥g KCH g.

Exanpl e 8 Reaction of a tartaric acid-glycerol polyester with glutamc acid
and coconut fatty acid A 500 m four-neck flask with stirrer, thernoneter,

d diats on sy oT ) | with 100 g of

tartaric ﬁ?ﬁqﬂ%ﬁ%@%ﬁﬁkﬁf@ﬁ /R e @_’*@bgh#{ﬁ%ﬁﬁﬁ%{@%@ aci d and

40 g of cB€ dnigllyehagoer with 108:0 aligsaric apid-glyeerelnalye o fromt ure was

heat ed atexahipid 804D ghiflgtutdingd adidi iangfsz@ of b@:dﬁr@ﬂt %(()ttgiﬁqicjjq gg?&iﬁ?ﬁ;hcfrdeég ?t ih’ngl n
h | I . i

e courShoHAR R ek e d b S E Ly el ryp st 1

gas hydr 488CHamipoh Biwinsthecauiseet whish@pphex. i6hibofiwatgr wetd obtaifedt he

pol yest erkhe rstlihg polesic? Bladai Al AUMBDYr bR 45 mg KOH/g.

Efficacy of the polymers as gas hydrate inhibito.rs

To investigate the inhibiting action of the polyesters, a stirred steel autoclave with
temperature control, pressure and torque sensor with capacity 450 ml was used.
~ Forinvestigations of kinetic inhibition, the autoclave was filled with distilled water
and gas in a volume ratio of 20:80; for investigations of aggiomerate inhibition,
condensate was additionally added. Finally, 90 bar of natural gas were injected.
Proceeding from a starting temperature of 17.5°C, the autoclave was cooled to
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 obserVe_d. 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 polymer 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 (Taqg). Long induction times or agglomeration
times indicate an effect as a kinetic inhibitor. The torque measured in the




tenperature control, pressure and torque sensor with capacity 450 ml was
used. For investigations of kinetic inhibition, the autoclave was filled
with distilled water and gas in a volune ratio of 20:80; for
investigations of agglonerate inhibition, condensate was additionally

added. Fi of natural gas were injected. P ing froma
starting \R@n%ép%/t%gﬁg?%f 17.5C, the aut 8c| ave was cool edéé)'g%%%@Q%fQWﬁ“z h,
then stirred at 2C for 18 h and heated’back to 17.5C within 2 h. At first,
a pressure decrease corresponding to the thermal conpression of the gas is
observed.al’v\ﬂcéﬁv“f’ﬁgr"]eﬁ’r'ﬂeﬁqng'ﬁsbﬁs Rargingter fer fiscaaglosetaiios alihs ng t he

cool i ng titydsatetdrgsiplsebstheease as argubd @itlaggloaetant, theriue WARhtHiGYE

d i ' in. the . b d Wt hout
 nhi bi for“2%‘Qf#%ﬁ%eﬁr%ﬁ%&%ﬁs2%@%%5%@3?%?@3%@%@%‘qrﬁ%%eﬁﬁé btk ac o
nucl ei | S&18-dpites gdeﬁgC%ﬁe,mﬁ{swhhei. §ae hydratecrysiafpitormvihdine t he nixture is
“heated, tdimdensateyshaabedo ndEEQITORREate SMdtthas dbhet %%FaftBiHik%k%tho?ﬂ‘éH the

experi me bgtlﬁg?st?ries i.S :F\ttal ed. The sure used for the 1hhibiting action
of the p S S FHH IS EHPOE angt PE PARBIYAGSM: he i ni num tenperature -
of 2C until the first gas absorption (Tind) or the tinme until the torque
ri ses (Tagg). Long induction tines or agglonmeration tines indicate an
ef f ect as@a kinetic inhibitor. The torque nmeasured in the WO 2006/ 084613
PCT/ EP20067% % 10 autoclave serves, in contrast, as a paraneter for the
aggl oneration of the hydrate crystals. In the case of a good
ant i aggl 3 ich builds wup after gas hydrates have forned
is signi %ﬁcﬁ%@pé@ﬁt&%@t&@%hﬁ% 88eqb'o the blank value. In the ideal case,
t he snowmiléaneGid%yethane 1626741 pilopane 0B 8%, biutene 6dIRYeNsaben divate do not
aggl oner a¥.85RNAitlodEs 18B1PRL | ead to bl ockage of the installations serving
for gas t arllsgg)rij V\?rﬂ? for..tg_as gxtraction. Test results Conposition of the
“nat ur al N8 OFIov g eorilitE g dampenaiie of hydwie frmigdine ab90da: H6iGne 0. 02%
car bon diTdvei eenpd@ra8&dsubstanagesed @ab H6ommercially available gas hydrate
inhibitor based on polyvinylpyrrolidone.

The dosage in all tests was 5000 ppm based on the water phase.

Polyester from Tina (h) Tagg (h)
example

blank value 0 0
5 14.2 14.2
6 12.1 12.3
7 10.5 11.0
8 11.0 11.8

comparison 3.0 3.1

As can be seen from the above test results, the inventive polyesters 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 particular additive
were added.




Cool ing bel ow the equilibriumtenperature of hydrate formation at 90 bar:
8.5C. The conparative substance used was a commercially avail abl e gas
hydrate inhibitor based on pol yvinyl pyrrolidone. The dosage in all tests
was 5000 ppm based on the water phase. Polyester fromTind (h) Tagg (h)

I 0 514.2 14.2 6 12.1 12.3 7 1 . .0 11.8
g)(;ﬁpm;r ?smbgdﬁbgﬁg‘a can be seen fromthe above test S%SMH:’@%O??Q@%’%M

i nventive polyesters are effective adlkinetic hydrate inhibitors, and show
a signifi ovenent Ovﬁéo ge rior, art. |In order to test the action

ant i i I
as aggl orfardt gut]gﬁlrﬁy%ip{%ﬁsgfe P éﬁﬁ%et%'&%@%%eﬁfﬂ%m Hes initially
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and, bas : additive were
added. WO 2%%%% 0@2%%%’%%? Eﬁggﬂg‘%gg@g? n(alﬂé&feagﬁﬁ éh%féc?é?/e pressure of 90
bar and P¥XqPeEtion feegudi thwoocurmncetdigastwrraie agglomatatescul the fr om
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or Q nar u in. e aqggloneration tinme unti e
occur rencagfgicf'ﬁgéggﬁygﬁﬁ%&a@%ﬁa% yteé%"ﬁ%g”'f% torque on the stirrer which
occur r ed Hte tdmaparaties switstahce employedsvasea cbninteeciatigglaimbiat i on of the gas
hydr at o5 aebgoRAN §fateHfy CATBRAM Kapsubst ance empl oyed was a

commerci al | y“avai | abl'e nti aggl omer an gquat ernary ammoni um salt).

Polyester from example | Tagq () | Mmax (Ncm)
blank value 0.1 15.9
5 8.5 1.2
6 9.1 1.4
7 12.1 0.9
8 11.2 1.0
comparison 2.2 3.7

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 inventive products. in addition, the
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).




Pol yester fromexanple Ta (h) Mrex (Ncm blank value 0.1 15.9 5 8.5 1.2 6
9.1 1.4 7 12.1 0.9 8 11.2 1.0 conparison 2.2 3.7 As can be seen from

t hese exanples, the torques neasured are greatly reduced in conparison to
the blank value in spite of gas hydrate formation. This suggests

significa e-inhibiting action of theinvent gd@r%

adgi tion, m{%gggprgggﬁ under the te condi tions, also &ﬁ’ﬁgﬁg}% &ant
action as kinetic inhi bitors. All examfles show si gnificantly better
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state of ?%e art). WD 2006/ 084613 PCT/ EP2006/ 000864 12 Clains 1. A

pol ymer having a nunber-average nol ecul ar weight of from500 to 500 000
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1
gualj)stnl fu%%ﬁg&@qlr@@pa&@ 'PY conpound of the formula 2 B(G—l)m (2) in

whi ch miA) f r oeadirgoa t6mpodn®of thedfofRugdd radi cal substituted as desired,
B) subsequently reacting the product thus obtained with a nitrogen-
contai'ning carboxylic acid whi chocorrprl ses froml to 20 carbon atons, where

)J\A (OH),
AN

HO O

in which nis 0, 1 or 2 and A is a C4-Cyg radical substituted as desired
with a compound of the formula 2

HO
(1)

B(OH)m (2)

in which m is from 2 to 10 and B is a C5-Cyq radical substituted as desired,

B).  subsequently reacting the product thus obtained with a nitrogen-
containing carboxylic acid which comprises from 1 to 20 carbon atoms, where
the molar ratio between the number of free OH groups of the polyester obtained
in step A and the nitrogen-containing carboxylic acid is between 1:0.1 and 1:1.

2. A polymer as claimed in claim 1, in which the compound of the formula 1
is tartaric acid, malic acid, maleic acid, fumaric acid, malonic acid, adipic acid,
succinic acid or phthalic acrd

3. A polymer 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 glycol or butanediol.

4, A polymer as claimed in one or more of claims 1 to 3, in which the
hitrogen-containing carboxylic acid is pyroglutamic acid, glutamic acid, aceturic
acid or aspartic acid. '




the nolar ratio between the nunber of free OH groups of the polyester _
obtained in step A and the nitrogen-containing carboxylic acid is between
1:0.1 and 1:1. 2. A polynmer as clainmed in claim1, in which the conmpound
of the formula 1 is tartaric acid, malic acid, maleic acid, fumaric acid,

mal oni ¢ agjcslpoagliod cid, succinic acid or phthalic agj r as
clainmed in cFa?ﬁjp hg%g/ or 2, in which_he conpound of ?lﬁé%ﬁl%q@/@@dfydﬁg
gl ycerol, diglycerol, triglycerol, polyglycerol, trinethylol propane, -
pent aerythrito i.tol...ethyl ene gl ycol, diet{; | en | ycol , propyl ene
gl ycol , %}i pr o’]&oij’P@ﬁi&g”\Sﬁ%‘f‘%ﬁB’E’Fa%g‘a%lC?f cJaimg é@ﬁ@?o%sgﬂe'%v'ﬁéd in one
or nore ovelghhishetween 1900iandVidi @30 ghwol. ni t r ogen- cont ai ni ng car boxylic acid
is pyroglutamc acid, glutamic acid, aceturic acid or aspartic acid. WO
2006/ 084613 PCI/ EP2006/ 0&%864_ 13 5. A polyner as clained in one or nore of
clainms 1 To 4 RRYEET &S LI0eSn opgiqymoreLfiskinschtorpdn whith the 000 g/ nol . 6.
A pol y][reresierifiﬂaﬁbnﬂﬂsibeemrmafrfmmﬁdrvﬁtméh niixtardef dnd QI]: ®ord RitWgegh the
esterifical QR SN : A m xture.of one or. nmore nitrogen-
cont ai ni n‘g&déﬂ_ﬁgg%rﬁc ;ngi ?{@S%'ﬁgggn&f_’@@’?‘é{gﬂwﬁiadc%'ﬁowl'tc@c ‘carboxyl i c
acid corRodii#ining aremeliciredicaldi cal s. 7. The use of the polynmers as cl ai med
in one or nore of claims 1 to 6 in amunts of fromO0.01 to 2% by wei ght as
gas hydr a.}_e ! rnllﬂebﬂfé[eoéfsthe polymers as claimed in one or more of claims 1 to 6 in
: amounts of from 0.01 to 2% by weight as gas hydrate inhibitors.




