Corrosion inhibitors having increased biological degradability and minimized toxicity The present
invention rel m for inhibiting corrosion on and in 5device ' ansport of
hydrocarbonﬁs’?r)lsgngi(r%@’a oll extraction and processing by adding a salt E%m%@r? @a@&%d an
N-substituted 5- oxopyrrolidine-3-carboxylic acid to the corrosive system. In industrial processes in
which metals come into contact with water or else with 10oil-water biphasic systems, there is the risk
of corrosion cEyis dpRaisiarly etk hyanae BaRoLS RRSE. AR NN AsRpLpineral of
extraction and processing processes; has a high salt'Content™or Is acidic as a result of dissolved
(acidic) gasé@%gibh as carbon dioxide or hydrogen sulfide. The exploitation of a deposit and the
processing of mineral oil are therefore impossible without specific 15additives to protect the equipment
used. Although suitable anticorrosives for mineral oil extraction and processing have been known for
some time, tﬁ@? NASEE UAKECEPTIRE R T SRS B RBIRItRSHRARSIN R AsBhs of
en\gronrimen@éﬂn@mﬁio@xteaﬁbﬁ@wt{amwépﬁﬁrbmymammlilﬂbii@rfﬁaraefmdleﬁk;eamcéal ' dammﬁ or
imidazolines of fatty.acids and polyamines have exceptionally gopd ojl solubility and are therefore
present only%ogel%%wgog%gﬁélﬁ%%?ﬁ‘wg %&%{)Osq\%'c\;?/ ?8@‘?1%@%’ &T\ﬁHb%t%Sjr%artitioning equilibria.
Accordingly chesepioiiusts-bane xglceaoscd ihdighrdesagey@smspite of their poor biodegradability.
Quaternary alkylammonium compounds (quats) are alternative prior art anticorrosives which, as well
as the corrosion-inhibiting properties, may also possess biostatic properties. In spite of an improved
water solubilityinghiéstiia el forSEexiampiecaialeds e retieimcniashingd) watdbionadtgrividantly reduced
film pergjstepge,3ad MBFRIGEIRUHRE igad 10 eV COTRSIRRPHRCIAN,pRLY, g relatively high

dosage. The high algal toxicity and the moderate biodegradability are restricting the’use of quats ever

more to ecolSGEER RSEhEihRoHeRISHNRSS: § 5 3R oRTssaT Irteatribedsrclionsed US-2 757 125
describes safie ebddiaditdoeasbaxy=2-Byighdanesirebare 560 as antibagteriakeamapnents in

cosmetic formulations or detergents. The use of these compounds as corrosion inhibitors in the oilfield
chemicals seCR ) ABFETSHEMARICIROD G098 PLRF PSS 7 R SABPEASOISHR reaction

products of aianes andidripescasshitpodnimacitisilwhichemtdie ispdsamrNitish adgitives in fuels or
mineral! gils.

addifives to protect the equipment used.

Although suitable anticorrosives for mineral oil extraction and processing have
been known for some time, they will be unacceptable in the future for offshore
applications for reasons of environmental protection.
20
As typical prior art corrosion inhibitors, amides, amidoamines or imidazolines of
fatty acids and polyamines have exceplionally good oil solubility and ars therefore
present only in a low concentration in the corrosive water phase owing to poor
partitioning equilibria. Accordingly, these products have to be used in high dosage
25 inspite of their poor biodegradability.

Quatermiary a!kylammoniurﬁ compounds (quats) are alternative prior. art
anticorrosives which, as well as the corrosion-inhibiting properties, may also
possess biostatic properiies. in spite of an improved water solubility, the quats, for
30  example compared to the imidazolines, exhibit a significantly reduced fiim
persistence and therefore likewise lead to effective corrosion protection only in a
relatively high dosage. The high algal toxicity and the moderate biodegradability

are restricting the use of quats ever more to ecologically insensitive fields of use.



10 US-3 218 264 discloses oil-soluble pyrrolidonecarboxylic acid-amine salts and the uses thereof as

corrosion inkiiigrsog/hgpRgant oils and greases. The amines used for saftfarmeygsaigpiksoluble in
accordance with the invention. 15US-3 224 968 likewise describes oil-soluble amine salts of

pyrrolidonecarboxylic acids, which find use as antirust additives in lubricant oils. Again, oil-soluble
amines (preferably 012-C20-alkyl-substituted) are used for amine salt formation. US-3 224 975
describes the free pyrrolidonecarboxylic acids for the same use. 20GB-A-1 323 061 discloses

pyrrolidone derivati the use thereof jn functional fluids, for example hydraulic fluids. The

com pounds?{gé%a%%j\;/j%I%‘?%&Wsﬁ?gfgﬁ?é&@Wﬁ"é&@f‘?@éﬁ?é@%ﬁm@ﬂf’s%oWriﬁ'é‘ BYfrHfEBne nitrogen.
In hydraulic #isigistjithetedatpouemextibit endioetiosiver ptapentas, ¢dserjreRThirRales ith aliphatic
amines. 25 EP-A- describes water-soluble salts of N-substituted 2-pyrralidone-4- carboxylic
acids as hur%%c%g?gs ﬁ%ﬁé%%gogfzﬁot%?%re}%ﬁ??gggnﬁnv%n f{:);rr?i bSina't ﬁ%?félsceg(‘%%s’ﬁ)m hibitors which,
30combineda@itribgdstant good or improved corrosion protection, and in addition to good water

solubility, also give improved biodegradability and lower toxicity compared to the prior art corrosion
inhibitors. 3 It has now been found that, surprisingly, water-soluble or water-dispersible salts of

specific cyclléRrmiRs ahuashH Rkt itbtedessispgiremiite saantivxprecusts eXmiiregcellent
action as cogiogigmiktliielsiaanialseigoafindesr adanility a0d seALGerlXIeYn FUBTATY In a first

aspect, there i%%r?gvicaed the use of salts of compounds of the formula (1) with amines of the formula
(2) 11R4(2) TAUHRL!S:
10

US-3 218 264 discloses oil-soluble pyrrolidonecarboxylic acid-amine salts and the
uses thereof as cotrosion inhibitors in fubricant oils and greases. The amines used

for salt formation are oil-soluble in accordance with the invention.

15 US-3 224 968 iikewise describes oil-soluble amine salts of pyrrolidonecarboxylic
acids, which find use as antirust additives in lubricant oils. Again, oil-soluble
amines (preferably C1,-Cas-alkyl-substituied) are used for amine salt formation.

US-3 224 975 describes the free pyrrolidonecarboxylic acids for the same use.

20 GB-A-1 323 061 discloses pyrrolidone derivatives and the use thereof in functional
fiuids, for example hydrauiic fiuids. The compounds used have C-Cs-atkyl
substituents or Cs-C1g-aryl substituents on the pyrrolidone nitrogen. In hydraulic
fluids, the compounds exhibit anticorrosive properties, also in combination with
aliphatic amines.

25
EP-A-0 069 512 describes water-soluble salts of N-substituted 2-pyrrolidone-4-
carboxylic acids as humectants.

It was an object of the present invention to find novel corrosion inhibitors which,

30  combined with constant good or improved corrosion protection, and in addition to
good water solubility, aiso give improved biodegradability and lower toxicity
compared fo the prior art corrosion inhibitors.



. R1is Cr to C30-alkyl or Cr to 030-alkenyl R2is hydrogen, Ci- to C6-alkyl or a heteroatom-containing
organic radical having 1 to 8 carbon atoms, and R3, R4with inclusion of the nitrogen atom form a cycle
having 5 to 7 ring atoms, where this cycle, in addition to carbon atoms, may optionally contain an
oxygen atom or a nitrogen atom or both, as water-soluble or water-dispersible corrosion inhibitors. The

present distRRIROY RARH FRBUR EREHEITBE OVAEE-sPIHE topmRIgTHiBRa ainm e & the formula

- (2). 3aln asnecend aspephiiBersHs Bravided s saitefconpaupdsipfitiesioamialb) awith amines of
the formula (2) R2"----N/R3 fiR.4 (2) in which R1is Cs- to C30-alkyl or Cr to C30-alkenyl R2is

hydrogen, BXHHEB GRS PRI ED SRS hIR G St 58RI ERPRRAPRP 8RS 8UhhBRCatoms, and
R3, RAwithringlusipmgtilye nitrogen atom form a cycle having 5 to 7 ring atoms, where this cycle, in
addition to carbon atoms, may optionally contain an oxygen atom or a nitrogen atom or both.

Summary

In a first aspect, there is provided the use of salts of compounds of the formuia

()
m -g
/N

0

R1 CH

with amines of the formula (2)

RZ\N /RB

@

R4
in which
R1 is Cg- to Cag-atkyl of Ce- to Cap-aikenyi
R2 is hydrogen, Cs- to Ce-alkyl or a heteroatom-containing organic

radical having 1 to 8 carbon atoms, and

R3, R4 with inciusion of the nitrogen atom form a cycle having & to 7 ring

atoms, where this cycle, in addition fo carbon atoms, may optionally
contain an oxygen atom or a nitrogen atom or both,

as water-soluble or water-dispersible corrosion inhibitors.

The present disclosure further provides salts of compounds of the formula (1) and

amines of the formula (2).



The present disclosure further provides a process for inhibiting corrosion at metal surfaces, especially
of ferrous metals, by adding at least one salt of compounds of the formula (1) and amines of the
formula (2) to a corrosive system which is in contad@ 4 with the metal surfaces. The present disclosure
further provides for the use of the compounds of the formulae (1) and (2) as metalworking agents. In
this context, the inventive compounds give very good corrosion protection even in the case of severe
mechanical B2 $6C806RaRARl Mo i sEvidpthaingl ofiaigrmundsitifthe fonetalbvibdykpieces. Detailed
Description Corrosive systems in the context of this invention are preferably liquid/liquid or
liquid/gaseous polyphasic systems consisting of water and hydrocarbons which comprise corrosive
constituents, such as salts and acids, W.free.and/or gissolved form. The corrosive constituents may
also be gaseous, for instance hydroggi‘é@%arbon dioxiciq Hydrocarbons in the context of this
invention are organic compounds which/a[ cgnstituents of mine aPoiI/naturaI gas, and the conversion
products thereof. Hydrocarbons in th& tontext of thidhvention are also volatile hydrocarbons, for
example methane, ethane, propane, butane. For the purposes of this invention, they also include the
further gaseous constituents of mineral oil/natural gas, for instance hydrogen sulfide and carbon
dioxide. Thegiminesaftheifermuala® preferably distillation residues from morphoiine production
(morpholine process residues), which are substance mixtures of CAS number 68909-77-3. Distillation
residues from morpholine production (CAS 68909-77-3) are a residue from the reaction of diethylene
glycol and ammonia. It consists predomi of deiatives based on morpholine, such as
Raminoethoxy)ethylimorpholine, Rhydroxyethoky)ethyllmorp(? JLne, 3-morpholinone and
4,4'-(oxydi-2,1- ethanediyl)bisimorpholine], i.e. lcompounds 2 e formulae 3-6: o/ \NH2(3) /A NO /(6)
0/ \N The compound of the formula 2 is preferabl§ selected from the compounds of the formulae 3 to 6.
10 In formula (1), R1 is preferably an alkyl or alkenyl group having 8 to 24 carbon atoms, especially an
alkyl or alkenyl group having 8 to 18 carbon atoms. R1 is more preferably an octyl, cocoyl or oleyl
radical. 15R3risaprieferably hydrogen or may contain an organic radical having 1 to 4 carbon atoms and
optionally oxygen or nitrogen a .In.a iculariy pr rﬁa embodiment, R2 is -CH2-CH2-0H. R3
and R4 contain, in additio%’ %sfk%%n?ﬁ%ag;%@trg?ﬁ é%t?v;ﬁ%{lﬁ%r ula 2, carbon 20atoms, and optionally-
an oxygen at& or a furthisrhyidrogen, &lenicotbelly e tbeiproatom-containing organic

radical having 1 io 8 carbon atoms, an;i
R3, R4 with inciusion of the nitrogen atom form a cycle having 5 to 7 ring
atoms, where this cycle, in addition to carbon atoms, may optionally

contain an oxygan atom or a nitrogen atom or both.

The present disclosure further provides a process for inhibiting corresion at metal surfaces,
especially of ferrous metals, by adding at least one salt of compounds of the

formula (1) and amines of the formula (2) to a corrosive system which is in contact



number of ring atoms is preferably six. In a further preferred embodiment of the invention, the
compound of the formula (2) is a cyclic amine of the formula (7) WO
20091086873PCT/EP2008/010458 6 in which R5is hyd?ogen or an optionally heteroatom-containing -

Cito C6 alky\;vff?wd{ﬁ%maﬁggfguﬁgcgso or N, The inventive compounds can be used alone or in
combination with other khown corrosion inhibitors. In general, a sufficient amount of the inventive

corrosion inhibitor will be used that sufficient corrosion protection is obtained under the 10given
conditions. Pratepedns8isaapaiaian 00, inhibit on the. pure inventive salts
are 5to SOO%ﬁgrgg preferab '1%10 100%!%%%% gﬁ)gggg% Qﬁ%%@?ﬁggﬁ&ﬂ?# é -§‘u §s ?Jl]ted
5-oxopyrrolidie- £ AT B RMRLRGAE S Pehis SeRigHibEe iRt anpptodagite emcting
itaconic acidguitil pomesicapioestiontosn et dasaed ss/drsmketnGlsMeQ089 G145 US-3 224
975 and US-I% :f‘r?e? 4693. é%}[ he rPﬁLJ:rit of the N-s sﬂ',tuted 5-oxopyrrolidine-3-carboxylic acids thus
obtained is generally 80-100% NG BBCHHIING QTLSERI MR 682989, The inventive salts of the

formulae (1) and (2) are prepared by a neutralization reaction, either in substance or in a suitable

solvent syst%g@m%@%i&pres of 25 water and an alcohol. This preferably involves dissolving the

amine of the formula (2) in the solvent and adding the N-substituted 5-oxopyrrolidine-3-carboxylic acid
while stirring N . s .
. “Corrosive systems in the context of this invention are praferably liquid/liquid or
fiquid/gaseous polyphasic systems consisting of water and hydrocarbons which
comprise corrosive constituents, such as salts and acids, in free and/or dissolved

form. The corrosive constituents may also bé gaseous, for instance hydrogen
sulfide and carbon dioxide.

Hydrocarbons in the context of this invention are organic cormpounds which are
constituents of mineral oil/natural gas, and the convarsion products thereof.
Hydrocarbons in the context of this invention are also volatile hydrocarbons, for
example methane, ethane, propane, butane. For the purposes of this invention,
they also include the further gaseous constituents of mineral ofl/natural gas, for
instance hydrogen sulfide and carbon dioxide.

Tha amines of the formula 2 are preferably distillation residues from morphoiine

production (morpholine process residues), which are substance mixtures of CAS
number 88808-77-3.

Distillation residues from morpholine production (CAS 68809-77-3) are a residue
from the reaction of diethylene glycol and ammonia. It consists predominantly of
derivatives based on morpholine, such as [(aminoethoxy)ethylimomholine,
[(hydroxyethoxy)ethyllmorpholine, 3-morpholinone and 4,4'-(oxydi-2,1-
ethanediylibisimorpholing], i.e. compounds of the formulas 3-8

N
0

O’ \N /\/ (3)
o/



WO 2009/086873PCT/EP2008/010458 7 Examples: General method for the preparation of
N-substitutegy8r gxopynggelige-3-carboxylic acid ammonium salts 5 A stangare stied apparatus is
initially charged with 1 mol of amine and heated to §0C while stirring. Then 1 mol of itaconic acid is
added in portions and the reaction mixture is heated gradually to 180C. As the reaction advances, 1
mol of water of reaction is distilled off. Subsequently, the N-substituted 5-oxopyrrolidine-
103-carboxylic acid is converted to the N-substituted 5-oxopyrrolidine-3-carboxylic acid ammonium salt
by adding an equimolar amount of the corresponding amine, The product obtained is characterized by
acid number (AN) and basic en (bas N). Pem’?ﬂage’sg percent by weight based on the
weight of the inventive salt. (j|5 Exag oyl -5-oxopyrrolidine-3- cg%foxylic acid, ammonium
salt with morpholine process\{gl_dﬂes 196 g of coconut amine, 130 g of itaconic acid and 127 g of
morpholine process 20residues, were used to obtain 435 g N-cocoyl1-5-oxopyrrolidine-3-carboxylic
acid, ammonium salt with morpholine process residues with AN = 123 mg KOH/g and bas. N = 3.2%.
Example 2 25N-oley1-5-oxop dine-3-carboxylic acid, ammonium salt with morpholine process
residues 265 g of oleylamlrﬁ/ﬁ%%of itaconic acid and 127 g of morphol(ﬁ’é process residues were
used to obtain 506 g of N-oley1-5-0xopyrrolidine-3-carboxylic acid, ammonium salt with morpholine
process residues with 30 AN = 118 mg KOH/g and bas. N = 2.8%. Example 3
N-octy1-5-oxopyrrolidine-3-carboxic acid, ammonium salt with morpholine

5
N 0
AN o N\ 6
o/
The compound of the formula 2 is preferably selected from the compounds of the
formulae 3 {0 6.
10

in formula (1), R1 is preferably an alkyl or alkenyl group having 8 to 24 carbon
atoms, especially an alky! or alkenyl group having 8 to 18 carbon atoms. R1 is
‘maore preferably an octyl, cocoyl or oley! radical.

15 R2js preferably hydrogen or may contain an organic radical having 1 to 4 carbon
atoms and optionally oxygen or nitrogen atoms. In a particularly preferred
embodiment, R2 is —CHy-CH-OH.

R3 and R4 contain, in addition to the nitrogen atom shown in formula 2, carbon
20 atoms, and optionally an oxygen atom or a further nitrogen atom or both. The total

number of ring atoms is preferably six.

In a further preferred embodiment of the invention, the compound of the formula
(2) is a cyclic amine of the formula (7)
25



WO 2009/086873PCT/EP2008/010458 8 process residues, 129 g of octylamine, 130 g of itaconic acid
and 127 g ofvipgiiiglioegartgess residues, were used to obtain 369 g abCT/EP2008/010458
N-octy1-5-oxopyrrolidine-3-carboxylic acid, ammonrgum salt with morpholine process residues with 5
AN = 151 mg KOH/g and bas. N = 3.8%. Efficacy of the inventive compounds as corrosion inhibitors
The inventive compounds were tested as corrosion inhibitors in the Shell wheel 10 test. Carbon steel
coupons (DIN 1.1203 with surface area 15 cm&?&vere immersed into a saltwater/petroleum mixture
(9:1.5% NaCl solution adjusted to pH 3.5 with %:etic acid) and exposed to this medium at a peripheral
speed of 40 rpm at 70C for 24 hours. The dasage-of the inhibitor was 50 ppm of a 40% solution of the
inhibitor. The protection values were calculan from the Miass decrease of the 15 coupons based on a
blank value. In the tables which follow, "compasative 1" denotes a commercial residue amine quat
based on dicocoalkyldimethylammonium chloride, "comparative 2" an example from US-3 224 975
(N-oley1-5-dropyolidine-3-carboxylic acid, prior art 20 corrosion inhibitor), "comparative 3" an
example fro S-5 -aleyl-b- p(gé?&% p?q }ﬁ cid, salt.wi mine, prior art
corrosion inﬁﬁor)%ﬁé'ﬁgr%égﬁgﬁg%&ﬁ xa%lgple rom %% é g@ gél%(lléﬁo%}t pgc-)c}o%gyrrolidine-&
carboxylic acid, saRith dibutylamine, prior art corrosion inhibitor). WO
2009/086873PCT/ER2098/040458 9 Table 1:(Shell wheel test) Example Corrosion inhibitor 0%
protection Comparative 1 Standard quat

The inventive compounds can be uéed alone or in combination with other known
corrosion inhibitors. In general, a sufficient amount of the inventive corrosion
inhibitor will be used that sufficient corrosion protection is obtained under the

10 given conditions.

Preferred use concentrations of the cotrosion inhibitors based on the pure
inventive saits are 5 to 5000 ppm, preferably 10 to 1000 ppm, especially 15 to
150 ppm.

15
The N-substituted 5-oxopyrrolidine-3-carboxylic acids are prepared as described in
detail in the prior ari, by reacting itaconic acid with primary amines, and can be
performed as described in EP-A-Q 069 512, US-3 224 975 and US-4 127 493,

20 The purity of the N-substituted 5-oxopyrrolidine-3-carboxylic acids thus obtained is
generally 80-100%, in particular 88-88% and especially 90-85%.

The inventive salts of the formulae (1) and (2) are prepared by a neutralization
reaction, either in substance or in a suitable solvent system, preferably mixtures of

25  water and an alcohol. This preferably involves dissolving the amine of the formula
{2) in the solvent and adding the N-substituted 5-cxopyrrolidine-3-carboxylic acid
while stirring.



36 Compa;étive 2 N-oleyl-5-oxopyrrolidine-3-carboxylic acid 60 Comparative 3
N-oleyl-5-oxtypypoligiogs3xarboxylic acid, salt with oleylamine 55 Compatativedog/010458

N-butyl-5-oxopyrrolidine-3-carboxylic acid, salt withibutylamine 21 Compound from example 1 883
Compound from example 2 90 4 Compound from example 3 76 The products were also tested in the

LPR test (test conditions analogous to ASTM

10

15

20

25

30

Examples:

General method for the preparation of N-substituted 5-oxopyrrolidine-3-carboxylic
acid ammonium salts

A standard stirred apparatus Is initiaily charged with 1 mol of amine and heated to
50°C while stitring. Then 1 mol of itaconic acid is added in portions and the
reaction mixture is heated gradually to 180°C. As the reaction advances, 1 mol of
water of reaction is distifled off. Subsequently, the N-substituted 5-oxopyrrolidine-
3-carboxylic acid is converted to the N-substituted 5-oxopyrrolidine-3-carboxylic
acid ammonium salt by adding an equimolar amount of the corresponding amine.
The product obtained is characterized by acid number (AN) and basic nitrogen

(bas. N). Percentages are percentages by weight based on the weight of the
inventive salt.

Example 1

N-cocoyl-5-oxopyrrolidine-3-carboxylic acid, ammonium salt with morpholine
process residues

196 g of coconut amine, 130 g of itaconic acid and 127 g of morpholine process
residues, were used to obtain 435 g N-cocoyl-5-oxopyrrolidine-3-carboxylic acid,
ammonium salt with morpholine process residues with

AN =123 mg KOH/g and bas. N = 3.2%.

Example 2

N-oleyl-5-oxopyrrolidine-3-carboxylic acid, ammonium salt with morpholine
process residues

265 g of oleylamine, 130 g of itaconic acid and 127 g of morpholine process
residues were used to obtain 506 g of N-oleyl-5-oxopyrrotidine-3-carboxylic acid,
ammonium salt with morpholine process residues with

AN = 110 mg KOH/g and bas. N = 2.8%.

Example 3

N-octyl-5-oxopyrrolidine-3-carboxylic acid, ammonium salt with morpholine



5 D2776), WO 2009/086873PCT/EP2008/010458 10 Table 2:(LPR test) Example Corrosion inhibitor
Protection /M rp00oiRB83I3 min [%1 60 min Comparative 1 Standard gat/54r 830edCoumparative 2
N-oley1-5-oxopyrrolidine-3-carboxylic acid 2 10 23 £&omparative 3
N-oley1-5-oxopyrrolidine-3-carboxylic acid,

10

15

20

process residues,

120 g of octylamine, 130 g of itaconic acid and 127 g of morpholine process
residues, were used to obtain 369 g of N-octyl-5-oxopyrrolidine-3-carboxylic acid,
ammonium salt with morpholine process residues with

AN = 151 mg KOH/g and bas. N = 3.8%.

Efficacy of the inventive compounds as corrosion inhibitors

The inventive compounds were tested as corrosion inhibitors in the Shell wheel
test. Carbon steel coupons (DIN 1.1203 with surface area 15 cmz) were immersed
into a saltwater/petroleum mixture (£:1.5% NaCl solution adjusted to pH 3.5 with
acetic acid) and exposed to this medium at a peripheral speed of 40 rom at 70°C
for 24 hours. The dosage of the inhibitor was 50 ppm of a 40% sclution of the
inhibitor. The protection values were calculated from the mass decrease of the
coupons based on a blank value.

in the tables which follow, "comparative 1" denotes a commercial residue amine
quat based on dicocoalkyldimethylammonium chloride, "comparative 2" an
example from U8-3 224 975 (N-oleyl-5-oxopyrrolidine-3-carboxyiic acid, prior art
corrosion inhibitor), "comparative 3" an example from US-3 224 968 (N-oleyl-5-
oxopyrrolidine-3-carboxylic acid, salt with oleylamine, prior art corrosion inhibitor)
and "comparative 4" an example from GB-1 323 061 (N-butyl-5-oxopyrrolidine-3-

carboxylic acid, salt with dibutylamine, prior art corrosion inhibitor).



salt with oleylamine 1 8 17 Comparative 4 N-butyl-5-oxopyrrolidine-3-carboxylic acid, salt with

dibutylaming#12328/848emgpound from example 1 90 95 99 6 Compouyndifreprexampte2s88 94 99 7
Qompound from example 3 75 9

Tabie 1: (Shell wheel test)

S @ %
Example Corrosion inhibitor
protection
1
| Comparative 1 Standard quat 36
Comparative 2 N-oleyl-5-oxopyrrelidine-3-carboxylic acid 60

) N-oleyl-5-oxopyrrolidine-3-carboxylic acid,
Comparative 3 - 55

salt with oleylamine

) N-butyl-5-oxopyrrolidine-3-carboxylic acid,
Comparative 4 24

sait with dibutylamine

2 Compound from example 1 88 |
3 Compound from example 2 90
4 Compound from example 3 76

The products were also tested in the LPR test (test conditions analogous to ASTM
5 D2776).



8390 As is evident from the above test results, the inventive products have very good 5corrosion
properties aY¥én2068488Ad are clearly superior to the efficacy of the B@T/&R 2aGidifcid4Table 3:
Biodegradability (OECD 306) and toxicity (EC53 Skeletonema costatum) Example Corrosion inhibitor
Biodegradability [/o] Toxicity EC50 [mg/1] Comparative 1 Standard quat 15 8 Compound from
example 1 74 >100 9

. Table 2 (LPR test)

Example Corrosion inhibitor Protection after [%]

10 min | 30 min | 60 min

Comparative 1 Standard quat 54 81 74

Comparative 2 | N-oleyl-5-axopyrrolidine-3-carboxylic acid 2 10 23

. N-oleyl-5-oxopyrrolidine-3-carboxytic acid,
Comparative 3 _ ) 1 8 17
salt with oleylamine

) N-butyi-5-oxopyrrolidine-3-carboxylic
Comparative 4 ) o 4 12 25
acid, salt with dibutylamine

5 Compound from example 1 90 95 9g
6 Compound from example 2 88 94 ! 99
7 Compound from example 3 75 83 90

As is evident from the above test results, the inventive products have very good
5  corrosion properties at low dosage and are clearly superior to the efficacy of the
prior art inhibitors.

Table 3:
Bicdegradability (OECD 306) and toxicity (ECsy Skeletonema costatum)
10
o Biodegradability Toxicity
Example Corrosion inhibitor
[%] ECs0 [mg/l]
Comparative 1 Standard quat 15 <1
8 Compound from example 1 74 >100
9 Compound from example 2 70 >100
10 Compound from example 3 83 >100




Compound from example 2 70 >100 10 Compound from example 3 83 >100 WO
2009/086873RICINBR2BB8/MBL0458 11 As is clearly evident from table 4ptie/Fentiys conggounds
exhibit better biodegradability and lower toxicity thdn the comparative example from the prior art. WO
2009/086873PCT/EP2008/010458 12 Claims 1.The use of salts of compounds of the formula (1) 0
5R1 with amines of the formula (2) R2R3 (2) R4 10

As is clearly evident from table 4, the inventive compounds exhibit better
biodegradabiiity and lower toxicity than the comparative example from the prior
art. |



in which R1is Cr to Cralkyl or C8- to C35-alkenyl R2is hydrogen, Ci- to C5-alkyl or a
heteroatom-\0§ntalfiBgdgaaic radical having 1 to 8 carbon atoms, and ASREFRHG4D iifei&8ion of the
nitrogen atom form a cycle haying 5 to 7 ring atom$2where this cycle, in addition to carbon atoms, may
optionally contain an oxygen atom or a nitrogen atom or both, as water-soluble or water-dispersible
corrosion inhibitors. 202.The use as claimed in claim 1, wherein R1 is an alkyl or alkenyl group of 8 to
18 carbon afdgigisThe use as claimed in claim 1 and/or 2, wherein R2 is -CH2-CH2-0H. 25 4.The use
as claimed in one or more of claims Ito 3, in which the amine of the formula (2) is a compound of the
formula (7) WO 2009/086873PCT/EP2008/010458 13 R5 (7) in which R5is hydrogen or an optionally
heteroatom-tontainiify ¥Se &5 etarireamenndna@Bhadarrpis () The use as claimed in one or more
of claims 1 to 3, in which the amine of the formula 2 is a distillation residue from morpholine

production.
o o)
1
5 R OH
with amines of the formula (2)
RZ\N /RS
| )
R4
10
in which
R1 is Cg- to Cag-alky! or Cs- to Cyp-alkenyl
R2 is hydrogen, Cs- to Cs-alkyl or a heteroatom-containing organic
radical having 1 o 8 carbon atoms, and
15 R3,R4 with inclusion of the nitrogen atom form a cycle having 5 to 7 ring
atoms, where this cycle, in addition to carbon atoms, may optionally
contain an oxygen atom or a nitrogen atom or both,
as water-soluble or water-dispersible corrosion inhibitors.
20 2. The use as claimed in claim 1, wherein R1 is an alkyl or aikeny! group of 8
to 18 carbon atoms.
3. The use as claimed in claim 1 andfor 2, wherein R2 is —CH,-CH.-OH.
25 4. The use as claimed in one or more of claims 1 to 3, in which the amine of

the formula (2) is a compound of the formuia (7)



106.The use as claimed in claim 5, in which the distillation residue comprises at least one of the
compounds ¢fthedosnidas’36 NH2 (3) 15 OH \N V FPCT/EP2008/010458
13

?5
N _
( j (7
X
in which

R5  is hydrogen or an optionally heteroatom-containing Cy io Cs alkyl radical,

and
5 X is C, OorN.

5. The use as claimed in one or more of claims 1 to 3, in which the amine of

the formula 2 is a distillation residue from morpholine production.

10 6. The use as claimed in claim 5, in which the distillation residue comprises at

least one of the compounds of the formulae 3-6

NH
0T T

OH
S (4)

:

15

®)

Ef}] JONGING

20 7. The use as claimed in one or more of claims 1 to 8 as corrosion inhibitors
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and transpotfyef hyydipeashens in mineral oil extraction and processing. 8ether438) 8 $tpigged in one or
more of claims 1 to 6 as corrosion inhibitors in 5metalworking assistants. 9. A salt of compounds of the

formula (1) 10 with amines of the formula (2) R2\ (2)

on and in devices for extraction and transport of hydrocarbons in mineral oil
extraction and processing.

8. The use as claimed in one or more of claims 1 to 6 as corrosion inhibitors in
5 metalworking assistants.

9. A salt of compounds of the formula (1)
O o)
1
R1 OH
10
with amines of the formuia (2)
Rz\N /RS
i (2)
R4
15 inwhich
R1 is Cs- to Cap-alkyl or Cs- to Cap-altkenyl
R2 is hydrogen, C+-~ to Cg-alkyl or a heteroatom-containing organic
radical having 1 to 8 carbon atoms, and
R3, R4 with inclusion of the nitrogen atom form a cycle having 5 to 7 ring
20 atoms, where this cycle, in addition to carbon atoms, may optionally

contain an oxygen atom or a nitrogen atom or both.

10.  The salt as claimed in claim 9, wherein the amines of the formula 2
comprise at least one of the compounds of the formulae 3-6

NH
SN0 T 3
25 /



R4 15in which R1is C8- to C30-alkyl or C8- to Cyralkenyl R2is hydrogen, Cr to C6-alkyl or a
heteroatom-goptaonegesganic radical having 1 to 8 carbon atoms, and (ST R4ewdhaneiasm of the
nitrogen atom form a cycle having 5 to 7 ring 20atorgs, where this cycle, in addition to carbon atoms,
may optionally contain an oxygen atom or a nitrogen atom or both. 10.The salt as claimed in claim 9,
wherein the amines of the formula 2 comprise at least one of the compounds of the formulae 3-6 NH2

(3)0ON INN OH

ol N/\,/O/\/ (4)
\__/
0] N )

O
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