WO 2006/084613 PCT/EP2006/000864 1 Description Polymers and their production and use as gas
hydrate inhibitors The present invention relates to polymers consisting of substituted polyesters, to
their preparation and to their use, and to a process for inhibiting nucleation, growth and/or

agglomerati f %@é rates by adding an effective amount of an inhibitqr ISl % tituted
polyesters tg\?a(%%%;ﬁp %:@ngxture which consists qf water, gas and possiﬁ?@o&ﬁ%ﬁ@i@é % ends to
form hydrates, or to a drilling fluid which tends to form gas hydrates. Gas hydrates are crystalline
inclusion COMROLE ﬂf gas molecules in water which form under certain temperature and pressure
conditions (low temperature and high pressure). The water molecules form cage structures around the
appropriate gas molecules. The lattice structure formed from the water molecules is

thermodynamigathe instableciner tsiooiypstabilized by gas incbgieatidritofsguest molecules. Depending
on pressure and gas composition, these icelike compounds can exist even beyond the freezing point

- of water (up19 abave 25C). In the il natural gas industry, great significance attaches in
particular to't & ae E3%[d'|rf<]a\}t(<3ét{/(\)/ |E§%%‘r§n%§rﬁl %é?&ﬁgﬁﬁgnr%éiaﬁ%%@%%ﬁgﬁ?d enstserrsnéﬂﬁane, '

ethane, proghRE, REBE[AAR) rRBHLAP NG oiEn, 2afhbh didkRreshdonyardyEnsmraieatiapecially in
modern natuyedwyis andfactiagdhesdistendegal thesegastHydoates constitatdisa greaimroblem,
especially whan;wab@ss e5riBHEIRY asib BMEE SRiVRIeFs 985 and eIl ixiiesammLbiected to
low temperaturesgndﬁr htl h pressure. As§conse uen%e of t telrég%spl%gl(létghand cr%stallne
structure, theTOTRATG BT Ghey At A5 LTS e BIARRAGAT & A LUHIas D& dfaction
equipment sacHlisibafnslichdrredsdedriausasiEtaipfent in which wet gas or multiphasic
quip g p
mixtures are transported over relatively long distances at relatively low temperatures, as occurs
especially iNGag hydrates are crystalline inclusion compounds of gas molecules in water
which form under certain temperature and pressure conditions (low temperature
and high pressure}. The water molecules form cage structures around the
appropriate gas molecules. The lattice structure formed from the water
molecuies 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
to the gas hydrates which form from waler 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 mixiures 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 extraction equipment such as pipelines, valves or production
equipment in which wet gas or multiphasic mixtures are transported over
relatively long disiances at relatively low temperatures, as occurs especially in
colder regions of the earth or on the seabed.

Moreover, gas hydrate formation can also lead o problems in the course of the
drilling operation to develop new gas or crude oil deposits at the appropriate



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 WO 2006/084613 PCT/EP2006/000864 2 pressure and temperature conditions by the

formation of 035 in the drilling fluids. In order to prevent such pr?}:’eﬁ[lg §| (¢|r
formation in gas %kiypgél?égéé?néthe course of transpOét of multiphasic mixtureso ir? %ﬂﬁll fé @%54 can be
suppressed by using relatively large amounts (moreé than 10% by weight, based on the weight of the

agueous phE?%%ﬁaf%ﬂ%iﬂ?%@fﬁ%“@mﬁ&%%% QW&%%E%@Q%@}%%%?BH&‘* iﬂdﬂi[ﬁion of these

additives has the effect t ermodynamic limit of gas hy Is shifted to lower
temperatureS" 4R AfRr pressures (thermodynamic inhibition). However, the addition of these
thermodynamic inhibitors causes serious safety problems (flashpoint and toxicity of the alcohols),
Iogistit_:c'slllI pmh'];?i'&r‘]ﬁ('ﬁf%eﬁ@gﬁ@g@éﬁ%ébf@ﬁi&'@quf@ﬂﬁﬁ@ rOMENEN ﬁgga%cg@rfiiﬁgyhmgh%osts, _
especially in offshor actian ts.are therefore now, bein e to replace thermodynamic
bitors by S g S B e g

hydrates calfoM&NehEatveditilre LifiePHBlay (i ¢y aite t8rmAtioniaRktibashitisiér keep the
gas hydrate wgglbinefrates smalbasdotiesejoné ipwapaliishetstisactheyw canstharianghartedthrough the

pip(;lin?h(aggj@%?{@fp%] i@WQHErSF RE aQHéﬂ{f&llﬁ’”t?ffatﬂgée-rﬁtﬁcHri}lWQHOtﬁ%Hsﬁﬁ%ﬁié?@cprﬁ\’ﬁ”ttﬁ‘é‘tﬂefﬂon
and/or the grpowtn ol the gas nydrale particies, or modi e rate gro IN _SUCh a wa a
etively sl TJRARSTA AL (oo TRA A KT Re A A E S R EE R EL St in the
patent literat@hé, MakridrBEsty #hd RsoWRtHermidifHHRie M idrvweyelrdne mditlaneditinsgomeric and
also polymetieessuhosipnemiclassietorhichuaes kaetasnbiliigr prablantiagileneiants Oloxasticular
significance i} this CoRKRGI e IBQIREISHIBYIBME (large storage tanks, recycling of these

solvents) and accordingly high costs, especially in offshore extraction.

Attempts are therefore now being made to replace thermodynamic inhibitors by
adding 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 aggiomerates 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 result.

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 alsc 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-93/25798 discloses such a process using polymers
and/or copolymers of vinyipyrrolidone having a moiecular weight of My, > 5000 to
40 000 D.



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-93/da749fhdiselesgssuch a process using polymers and/or copolysrergafxingpyngbdone
having a molecular weight of MW > 5000 to 40 0003D. WO 2006/084613 PCT/EP2006/000864 3

EP-A-0 896 123 discloses gas hydrate inhibitors which may comprise copolymers of alkoxylated
methacrylic aridaiiisost shigyliratbsap ping ranttatypchithibitvigyvbampoandsripisd-1 048 892 describes

the use of adliea o IRIRURALNE ML AGHE SR RAKEIRI NN A SOy

alcohol or partly hydroly olyvinyl acetate as a nucleating agent for gas hydrates in conjunction
with suitableNai¥pEEARROHMIS document does not make any further statement regarding the polyvinyl
alcohol or the partly hydrolyzed polyvinyl acetate, except that their molecular weight should be below

t50f000 g/mori]s-;biﬁﬂ @A_}é @g;@ deserithestpdieecss daanpiasdingitherivimationiiwenduejngdhe tendency
o form gas rates, To th , | t i uccinic
anhydrides A?thoigéﬁr%ﬁé&g‘rﬁ%ﬁggggﬁ% égﬁé%%étgﬁ’g\éﬂeq%\%gﬁr&in @%tgiﬁ?]rrl tlonsx\mich can

Y r N O )
interact with 2F318:88 &aYEFaHRe G %h@%ﬂﬁﬂf@é‘a&éé‘cﬁ‘%w}%\?@ A RHitERISfficacy as kinetic

gas hydrate diibitastantier dotiayglirdersns! maaka e ustnithteomiditioesrdingtseunobtainable
ina sufficienbgmgHﬂtggmMI@ Wﬂ%ﬁ@a.ﬂa;ww irbpablediaysthaabydrate inhibitors

even in the c%so?e%fu Q%Pa%qr .?%%lcianﬂ dt@% c%\r’\(;ggyow%!,m%f_i.e. further within the hydrate region, a
further enhancenient of action is requwegln comparison to the prior art hydrate

US-5 244 878 describes a process for retarding the formation or reducing the

tendency to form gas hydrates. To this end, polyols which are esterified with fatty

acids or alkenylsuccinic anhydrides are used. The compounds prepared do not

have any amino acid functions which can interact with clathrates (cage

molecuies).

The additives described have only limited efficacy as kinetic gas hydrate
inhibitors and/or antiagglomerants, have to be used with coadditives, or are
unobtiainable 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 fo 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, 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
(antiagglgmerants)oiperder thus to ensure a broad spectrum of applicatDTvith 100k [patesdial 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 beers{muidghisdrprisiogiyrhath watebiscdebie and ofzse il WE. 2006/084613ths
PCT/EP2Q §LQQQ8@@S% Wyg@;@d rpglyggtﬁr%aé%sw%ﬁgrggﬁd@@ | 'tgir&rg According to the

structure, t ese polyesters magg both retard nucleatlon and the %{owt g& i.gas hydrates (kinetic gas
hydrate ifhiBORS GHRPIGTRSY a8 YIRSt BN OIES Fydrate PG RORTeFARES in a first

aspect, thwdmwéammemmofmolymers having a number-average molecular welght of from 500
to 500 000 g/mol, prepared by A) reacting a compound of the formula1l O HOA (OH), fi (1) HO O in
which nis 0, 1 or 2 and A is a C1-C4o radical substituted as desired with a compound of the formula 2

B(OH)m (?r)énﬁf%hlé&%bts frar 2teARiane Bis aEHCAbyaticalmiislinitodrstesREds)

subsequently reacting the product thus d with a ni ontaining carboxylic acid which
comprise%‘ﬁéﬁ?‘i&lﬁ'@@%é‘ﬁﬂ&% 0 \#}%?18@%/ ol %gg%nbﬁ

A)  reacting a compound of the formula 1
O

1

I

/L\ﬁ\ (OH), “
HO &O

inwhich nis 0, 1 or2 and A is a C+-Cyp radical substituted as desired
with a compound of the formula 2

HO

B(OH)m (2)

in which m is from 2 t0 10 and B is a C»>-C4g radical substituted as desired,

B) subsequéntiy reacting the product thus obtained with a nitrogen-containing
carboxyiic acid which comprises from 1 to 20 carbon atoms, where the molar ratio
betwesn 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, in amounts of from
0.01 to 2% by weight as gas hydrate inhibitors.

in & second aspect, there are provided polymers having a number-average molecutar
weight of from 500 to 500 000 g/mol, preparable by

l
|
1

A) rezciing a compound of the formuiz



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, in amounts of from 0.01 to 2% by weight as gas hydrate
inhibitors, in a second aspect, there are providetfpolymers having a number-average molecular
weight of from 500 to 500 000 g/mol, preparable by A) reacting a compound of the formula 1 0 li HOP
lij H10 4a inwhichnis 0, 1or 2 and A is a C11-040 radical substituted as desired with a compound

of the formula 2 B(OH)m.(2) in which m is from.2 to 10 and B is.a C2-04,, radical substituted as
desired, B)”éu §8§d@e§trlb’26?&#8%&?0%%%%%%&3&%@ Wi{Ht%diﬁ?o%%%ia ontaining carboxylic
acid which ¥éihpricedhrannd € D6 EafBsi® dtoms, 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 provides a progessfor inhik&igg 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 furtheniprovides fomtBga$é sfithe invefitive pohydnelsinaitoedts ofifreine®.01 to 2% by

weight for peaventingthe-formgtien of-gas hydrates im a0UeaURRRASSS Whishare in contact with a

gaseous, "qc“dﬂt%{n?r?gdc% gg{/‘ﬁc%hc? %fnyggc%cgggéggéﬁrggmpg%@g%%%églogo%s where

the moiar ratio between the number of free OH groups of the polvester obiainad
in step A and the nifrogen-containing carboxylic acid is petween 1:0.1 and 1:1.

The invention provides a process for inhibiting the formation of gas

hydrates by adding polymears as defined above in amounts of from €.01 {0 2% by
weight to an aguecus phase, in which gas hydrate formation s fo be prevenied,
in contact with a gassous, 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 hvdrates in
agueous phases which are in contact with & gaseous, liguid or solid organic
phese.



5A ispfeferably 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 inventive polymers are
preparable by processes known from the literature by condensing substituted dicarboxylic acids with

diols or polygls, asnd hesusierifying the free OH groups with an N-containigraeaylisasiker a

mixture of an N-containing carboxylic acid and a fatty acid having from 6 to 30 carbon atoms or a
carboxylic acid containing aromatic radicals. The molar ratio of the compounds of the formulae 1 and 2

employed imthepreretiply isrpsaikaiiyrbeiueanai8eoand E9Reamdadiswar between 30:70 and
70:30. 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 containing
aromatic radicaIR S REBPOBBALYBRThEP IO RRYNAJ CRBIRCaBANA#RASUCh a mixture is used, is
preferably at least 30 mol%, in particular 50 mol%. In a preferred embodiment, the compounds of the

formula (1) Q{QSIB%E@UQM?‘@OH{@{Q@WHC 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! nietRYIHIP RPIAMEr HBItAERRATRBIE SO Bitetest RO Yy Sttt jierdLgR s, propylene
glycol, diprepylesesgiycaly biiateedittaRrefslicddtcontaition camshylicavidsare: pyroglutamic acid,
glutamic acidy;ae6HEERCH: ABRaHG a5 WhaR (REY AGIHR8"E-AR0 iRed A afditigo igdN-containing
carboxylic ac%ds, reference is given 50 theJoIIo(yvm\gaItattg/ acﬂgs:_coconut fatty. %ud, tall oil fatty WO
2006/08461% ﬁ&#@ﬁ%{%@f&)ﬁg@fxy ic acid and a Tafty acid having from 6 1030 carbon

atoms or a carboxylic acid contaihing aromatic radicals.

The molar ratio of the compounds of the formulae 1 and 2 empioyed in the
reaction is preferably between 20:80 and 80:20, in particular between 30:70 and
70:30.

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 containing aromatic radicals. The proportion of the N-containing
carboxylic acid, when such a mixiure is used, is preferably at least 30 mol%, in
particular 50 moi%.

In a preferred embodiment, the compounds of the formula (1) are the foliowing
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 formuia (2) are the following
diols or polyols: glycerol, digiycerol, triglycerol, polyglycerol, trimethyloipropane,
pentaerythritol, sorbitol, ethylene glyco!, diethylene giycol, propylene giycol,
dipropylene glycol, butanediol.

Preferred N-containing carboxylic acids are: pyrogiutamic acid, giutamic acid,
aceturic acid, aspartic acid.

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



6"'acid, oleic acid, isooleic acid, elaidic acid, stearic acid, palmitic acid, lauric acid, and a mixture
containing 15-30% by weight of palmitic and stearic acid, 40-60% by weight of isooleic acid, and
15-30% by weight of oleic acid and elaidic acid. The preparation of polyesters is known in the prior art

and is effecigchbyipeatalyzed or acid-catalyzed condensation of the partig@gggg%%%%%%ﬁcg&d with

the appropriate diol or polyol. The reaction tempergiure is generally between

preferably from 120 to 150C. The reaction can be performed at atmospheric pressure or reduced
pressure. Catalyzngeasids iBshidR 5ofd expiprie:diCbiERRObisulaminRGeR  TlRR4elAcidic ion
exchangers Wiigh R 4SSl AMPYRISAY M, bp a9 v eight fased sndngvgigt of the
reaction mixture. The condensatior takes generally"rrom B30 Ch.ours. e’stbsequent @sterification
with N-contii§'gaHsismelaiGdsier anfitenddor IN-vsighihpip e ain M siidisiRgi8arboxylic acids
is likewise performed uncatalyzed or with acidic catalysis as known in the prior art at temperatures of

000 ool B B O R R e B o i

o R B A R R P e oL i TR AT e moentive

gas hydrate WiiBne erRPHsmeEe #lospslam. Whr Feesi téciown ajdiaie o eneraliffiesdwermibition is

obtained undeothehsnPresstsapndiemperturestonditorscHiednventive @amhydais inhibitors

are generally yised.in amaunts between Q.01 ﬁ%@ﬁ%‘% P&avegqé%é[bfagg A8the weight of the aqueous
refera ).0271t0 1%

phase), corresponding to 10020 000 ppm, from by weight. When the inventive
gas hydrate@ﬁﬁﬁb??&%;le]ﬁ%%ﬁ"m%' &‘t‘aF&p\ﬁﬁhk&ﬁgﬁé’ésaﬁ%?d@iﬁﬁﬁﬁ%}%?@rewt'}@ﬂc@ﬁraﬂon of the
mixture is froised. DlavQuoisreinfron 2 b o WhpwekjbbinkBecdquethesvptiastofThe polymers are
preferably useskasroasaydatedbibitaissaivaterals@bierally from 3 to 10 hours.

The subsequent esterification with N-containing carboxylic acids or a mixture of
N-containing and non-N-containing carboxylic acids is likewise performed
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 agueous 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 fhe mixture is from 0.01 to 2 or from 0.02 to 1% by weight in the
agueous phase.

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



alcoholic solvents, for example methanol, ethanol, propanol, butanol, ethylene glycol, and
oxyethylated monoalcohols such as butylglycol, isobutylglycol, butyldiglycol. WO 2006/084613
PCT/EP2006/000864 7 Examples Preparation of the polymers Example | Preparation of a tartaric

acid-glycero\IAPgI&B tgr{%]%z%r%ﬁt 1) In a 500 ml four-neck flask with stirrer, ﬂggﬁ%ﬁﬁ@@bﬁﬁg% purge

and distillation’syste g of L-tartaric acid, 96 g of glycerol and 2.2 g acid
were mixed and heated to 140C. Within 10 In at 140- 145C, approx. 24 ml 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 &xdhe@ed to 140C. Within 4 h at 140- 145C, 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 pofy]%}tgrratgt%ﬂ %[Pt%%g (ﬂw;ag%r of 60 mg KOH/g. Example 3 Preparation of a malic
p na I

acid-glycerol polyester our-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 heasedpie 130C, Within 12 h at 130C, approx. 32 ml of water were distilled off. The

resulting polyester hasredr acisktanenhes oh A% Mogs e, (variant 1)

In a 500 mi four-neck flask with stirrer, thermometer, nitrogen purge and
distiliation system, 120 g of L-tartaric acid, 96 g of glycerol and 2.2 g of
p-foluenesulfonic acid were mixed and heated to 140°C. Within 10 h at 140-
145°C, approx. 24 ml of water were distilled off. The resulting poivester has an
acid number of 86 mg KOH/g.

Example 2
Preparation of a tartaric acid-gtycerol 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 gltycerol and 2.2 g of
p-toluenesulfonic acid were mixed and heated o 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
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 maiic acid-glycerol polyester

in & 500 mi four-neck flask with stirrer, thermometer, nitrogen purge and
distillation system, 134 g of malic acid, 120 g of giycerol and 2.6 g of
p-toluenesulfonic acid were mixed and heated to 130°C. Within 12 h at 130°C,
approx. 32 mi of water were distilled off. The resuiting polyester has an acid
number of 98 mg KOH/g.

Example 4
Preparation of a tartaric acid-ethylene glycol polyester



E‘xamplle 4 Preparation of a tartaric acid-ethylene glycol polyester WO 2006/084613
PCT/EP2006/000864 8 In a 500 ml four-neck flask with stirrer, thermometer, nitrogen purge and
distillation system, 150 g of L-tartaric acid, 81 g of ethylene glycol and 2.3 g of p-toluenesulfonic acid

were mixed W@ 988@’9 %%OC. Within 12 h at 140- 145C, approx. 34 m| gd@%#gﬁdﬂar%gﬁd off.

The resulting polyester has an acid number of 1044ng KOH/g. Example 5 Reac artaric
acid-glycerol polyester with pyroglutamic 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 e 1. 90 g aof pyroglutarnic acjd were then added and the reaction mixture was
hearod at 100,208 ThTRLERR AR BA aEE o LTSk S 0 e LB 00t which approx. 10
ml of water WisiélatheainpsieThd postlghy-folssiaciAald e aCrRIMIRMBE TS 2RiGAKOIHA. Example 6
Reaction of p-tartayieagid:alyseiohaoty esherdwiicgieaaictacid RS0 mmlifour-negkilask with stirrer,
thermometet, nitreg g istillati Wasenall : [ f tartaric
acid-glyc:ero:i ggly%s%m%mgg?frﬁ%gz E%? %%lfa Eﬁl{j@amic éc%ﬁé%@ﬁ%%%%%gék gﬁa%tgg;?eaction

mixture was2RERRMIMEET PH HS0RWNiE stilling 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. ExampignpiBeaction of a tartaric acid-glycerol polyester with pyroglutamic acid and coconut

faty acid A 300 ml deurr sk s ML SRS FERESIRH BFGgEILRYLaS, A distilation

A 500 ml four-neck flask with sfirrer, thermometer, nitrogen purge and distillation
system was initially charged with 100 g of tartaric acid-glycerol polyester from
example 1. 90 g of pyrogiutamic acid were then added and the reaction mixture
was heated at 180-180°C while distilling off the water of reaction for 8 h, in the
course of which approx. 10 ml of water were obtained. The resulting poiyester
had an acid number of 57 mg KOH/g.

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

A 500 mi 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 glutamic 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 pyrogiutamic 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



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 180-190C while distilling off the WO 20 06/0 8461 3 PCT/EP2006/000864 9 water of

reaction for j of which approx. 11 ml of water were obtai ' lyester
had an acid\%ll?)m e%ég %rrﬁ% KOH/g. Example 8 Reaction of a tartaric agﬁiggl)ﬁg% F%R/Begs er with

glutamic acid and coconut fatty acid A 500 ml four-neck flask with stirrer, thermometer, nitrogen purge

and distillatipnSysteanurs iRiHally Ghargechwla HoQaeh tapgrisacidralvesralaolusster from example
2.40 g of glu %mlc gc and 49 g of c?cor%ut atg/ acid \%ere en ag%gd ar@jgg%reactlon mixture was
heated at 170- whife'GiS IHI RtRe Watdl 6 REG oA 8 it fhe ' of which approx. 16
ml of water were obtained. The resulting polyester had an acid number of 45 mg KOH/qg. Efficacy of
the polymerg asgsie Bydrate inhibitors To investigate the inhibiting action of the polyesters, a stirred

steel atoclaye, il [URSFAIEE SOk AR 200 IAFIR SAROL I SRAACHY AT was used

For investigations of kinetic inhibition, the autoclave was fi istilled water and gas in a volume
ratio of 20:86?%r investigations of agglomerate inhibition, condensate was additionally added. Finally,
90 bar of natural gas were injected. Proceeding from a starting temperature of 17.5C, the autoclave

was cooledd 052G Miithiorh Bk s RHR At e, Eﬁé&ﬁ&r@%éﬁ?ﬂﬁ@?&ﬁﬁhr&%@@@i%ﬁ'&%ﬁ h. ﬁt first, a
pressure de I i I ression of, t as Is rved. When the
formation of%%’gg r@ﬁ%%gﬁnﬂlﬂ%ﬂgi occ&%rés%?jvglr_ilﬁJ@%e&%ﬁ%‘lﬁgﬁt%%?%ﬁ%%%%rsos@roe@%ge%gurr%@ falls, and a rise

in the torquénTdaRG-€d4ha %4 ShifRMicASEanH tHe 3hprratie Bl SSitWrrg. rthadErfibitors,
further grovethcatiet irerei@sinyiagyweasdiraiaf tid RQdraiE Guetdidehstitapidiff toeawater of

reaction for 8 h, in the course of which approx. 16 ml of water were obtained.
The resulting polyester had an acid number of 45 mg KOH/g.

Efficacy of the polymers as gas hydrate inhibitors

To investigate the inhibiting action of the polyesters, a stirred steel autoclave with
temperature confrol, 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 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 torgue measured and
a slight increase in the temperature are observed. Without inhibitors, further
growth and increasing agglomeration of the hydrate nuclei iead 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 femperature of 2°C unfil the first gas absorption (Tinq)
or the time until the forque rises (Tagg). LONgG induction times or agglomeration
times indicate an effect as a kinetic inhibitor. The torgue measured in the



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 2C until the first gas

absorption (gv dn} tk? el until the torque rises (Tagg). Long induction {i gm tjon
times indica g Gﬁﬁ a%'sgjl metic inhibitor. The tqr@ue measured in the \k%%%%r §§%J,
PCT/EP2006/000864 10 autoclave serves, in contrast, as a parameter for the agglomeration of the

hydrate crysials. ja S 6% of &-gnedantieaglareriL, e InLaue Ehylds: g after gas hydrates

have formed Is s nlflcan ed compared to the Ian va eal case, the snowlike, fine
hydrate crystfﬂ%r?g?rﬁ%fﬁé Eglﬂa%ﬁ@ﬁ?eogﬁa%%ogléaﬂB@%@B@ﬁ@F&té%@?ﬂﬂ% WBIo PR blockage
of the installitiofisrseagihydorigadavnbporedrsl Sigrybcasiiyaetioned esimpsats ICohspoisitibn of the
natural gas ysees. methangcl &¥%s %@MWW@Q%@%%&M@% (@280, carbon dioxide

0.35%, ”'”Oggﬁ‘dje%?&té"ggé’s '”@ot%%%(’? SR ré‘HB{ﬁ &Eaﬁﬁ{fﬁe ga&j%t formaft jL.at 90 bar:

8.5C. The comparative tance used was a commerua y availa fate n |nh jitor based on
polyvinylpyrfBRERIFEOTRES 804G EPMIaR tEnSRRIL B PP FRSIALEF RN the water phase. Polyester from
T;nd (h) Tygg (h) example blank value 00 514.214.2 6 12.112.3 710.511.0 811.011.8

Tast results

Composition of the naiural gas used:

methane 87.6%, ethane 1.26%, propane 0.08%, butane 0.02%, carbon dioxide
0.35%, nitrogen 10.61%.

Cooling below the equiiibrium temperature of hydrate formation at 80 bar: 8.5°C.
The comparative substance used was a commercially available gas hydrate
inhibitor based on polyvinyipyrrofidone.

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

Polyester from Tina (h) | Tagy (B}
example

blank value 0 0
5 14.2 14.2
B8 12.1 12.3
7 10.5 11.0
8 11.0 1.8

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 pariicular additive
were added.



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 Woz%g)g%gq e in a ratio of 1:2) and, based on the water @;@ﬁepﬂ&g@g 8cgﬁlthe
particular additive were addpjned. WO 2006/084613.LCT/EP2006/000864 11 At an autoclave pressure
of 90 bar and a stirrer speed of 5000 rpm, the temperature was cooled from initially 17.5C to 2C within

t2_ hourst,_ lt?ﬁmtaﬁ aﬂ}ﬂ&%%]?pﬂé%%&@@:b@tt%lﬁ 016 hiavis s}%cie%m@dw%]ﬁgatﬁe Theh_aﬁglomeragont
Ime unti occurrence or gas ale L n rqu n tne sturrer wnicn occurred a
o e, wiE e %”gga.a%ﬁéﬁﬁ%%n-?fﬁgﬁzas A R e
comparativerSt{RRBEcY ERITEe G Was dotRnmeraRndvEAEPRI HRtRERIbnhERant (quaternary
ammonium ag@)oﬁemmmimmahtpt&ﬁw(é\)cmmagawwhrblamg\galuaeﬁhﬂeéaaﬁﬁes 1.2 69114
712109 §11.2 L0 GorpatsomR -4 AS080 BESERE IATHRSe RXamples; the torques measured

are greatly reduced in ,comg rison t%tf?je tt)lank value in s%te of gas hydrate formation. This suggests
significant ag8BRREARISRITb IR PRSI i BTe MU RRSBAlcts. In addition, the products, under the
test conditiohBeaiesnatiiskypifisian e fontieyRiferias a commercially available

antiagglomerant {(quaternary ammonium salt},

Polyester from example | Tagg () Mmax (Ncm)
blank value 0.1 156.9
5 8.5 1.2
6 9.1 1.4
7 12.1 0.5
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 aggiomerate-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 befter performance than the
commercially available antiagglomerant (comparison = state of the art).



inhibitors. All examples show significantly better performance than the commercially available
antiagglomerant (comparison = state of the art). 12 1. The use of polymers having a number-average
molecular weight of from 500 to 500 000 g/mol, prepared by A) reacting a compound of the formula 1
01) inwhichnis 0, 1or2andA is aC1-C40 radical substituted as desired with a compound of the
formula 2 B(OH)m (2) in which mis from 2to 1 gnd B is a C2 -C40 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, in amounts of from 0.01 to 2% by weight as gas hydrate inhipitors. 2. The use as bﬁ: ed in claim
1, in which%the cbhfpetmalReERH Y08 1Y *é&%ﬁ%%ﬁﬁ%%%{*%&{él@’ﬁéﬁf%%g it Beid,
malonic aci@paipig/aeidl, egeired Bcid or phthalic acid. 3. The use as claimed in claim 1 and/or 2, in
which the (;emp%@&i%tg%mdzoiﬁmkgiglycerol, triglycerol, polyglycerol,
trimethylolpropane, pentaerythritol, sorbitol, ethylene glycol, diethylene glycol, propylene glycol,
dipropylene glycol or butahediol. 4. The dse as claimed in one or more of claims 1 to 3, in which the
nitrogen- containing carboxylic acid is pyl'gépgiutamic acid, glutamic acid, aceturic acid or aspartic acid.
5. The use as claimed in one or more o,f/da@%cl)p\A, where the molecular 13

HO o n

&D

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

{1

BOH)m 2)

in which m is from 2 to 10 and B is a C,-Cyg radical substiiuted as desirad,

B)  subsequently reacting the product thus obtained with a nitrogen-containing
carboxylic acid which comprises from 1 fo 20 carbon atoms, where the molar ratio
betwaen 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, in amounts of from
0.01 to 2% by weight as gas hydrate inhibitors.

2. The use as claimed in claim 1, in which the compound of the formuia 1 is
tartaric acid, 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 giycerol, digiycerol, triglycerol, polyglycerol, trimethylolpropane, pentaerythritol,
sorbitol, ethylene glycol, diethylene glycol, propyiene glycol, dipropyiene glycol or

butanediol.

4. The use as claimed in one or more of claims 1 to 3, in which the nitrogen-
containing carboxylic acid is pyroglutamic acid, glutamic acid, aceturic acid or
aspartic acid.

5, The use as claimed in one or more of claims 1 10 4, where the molecular



weight of the polymers is between 1000 and 50 000 g/mol. 6. The use as claimed in one or more of
claims 1 to 5, in which the esterification has been performed with a mixture of one or more nitrogen-
containing carboxylic acids with a C6-C30 fatty acid or with a carboxylic acid containing aromatic
radicals. 7. A polymer having a number-average molecular weight of from 500 to 500 000 g/mol,
prepared by A) reacting a compound of the formulal HC ? (O H) HC inwhichnislor2and Ais a
C1-C40 radical substituted as desired with a comptiind of the formula 2 B(OH)m (2) in which m is
from 2 to 10 and B is a C2-C40 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[froups of the ‘oolyester obtained in step A and

the nitrogerveisithipinaecapborgre schetweemédpliand afdPeo a/mol.

8. The use as claimed in one or more of claims 1 i¢ 5, in which the
esterification has been performed with a mixture of one or more nitrogen-
containing carboxylic acids with a Cs-C3p fatty acid or with a carboxylic acid
containing aromatic radicals.

7. A polymer having a number-average molecular weight of from 500 to
500 000 g/mol, prepared by
A)  reacting a compound of the formula 1

in which nis 1 or 2 and A is a C,-Cy; radical substituted as desired with &
compound of the formula 2

BOHm  (2)

in which m is from 2 to 10 and B is a C,-Cyp 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.



