WO 2012/ 171859PCT/ EP2012/ 060952 1 | nproved corrosion resistance when using
chel ating agents in chrom um contai ni ng equi pnment The present invention

rel at es twoaoret’/ssd t o reduce the corrosi on of chrom umPCTEPC@R&I9E Ng
equi pnent in the oil and/or gas industry. The invention also relates to the
use of solutions containing glutamc acid N, N-diacetic acid or a salt

t hereof (G.DA) and/or nethyl glycine N, N-diacetic acid or a salt thereof
(MEDA) having an acidic pH that are contacted with chrom um contai ni ng
equi pnent in the oil and/or gas industry, for exanple to clean or descale
such equi pnment or downstream 10 equi pmgnt, but also as a chem cal in such
equi prent, for exanple as a chemical in an oil and/or gas downstream
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equi pnent Umtalnirrg)eaqmpmbnbm um containing alloy containing a solution
containing glutamc acid N, N-diacetic acid or a salt thereof (G.DA) and/or
met hyl glycine NN 15 diacetic acid or a salt thereof (M3DA) having an
aci di ¢ pH pheiPedert ARAARA RYAES T LhAletkN IR HHRICBIME REBRAIsIIFREE chioPiilR-
chromumcontaining alloy in contact with a solution containing glutamc
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equi pnent CGLIQ&}saadVBrmmm;&glycmenﬁalr-@dcetm adfleostaaetaditbéretolﬁel\/leﬂA)tHrzenngsenof a
corrosion in ibilﬁ?r tcan be %ﬁ%cﬂ t reduced LN sone ﬁ}ven d ted
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and gas prgﬂy%dww IS ékémbleowme%d af GRsbalkt swh ehgipafnt Ireddwnstksdm as
tubes, tan boil ers, reactor vessels, is made from chrom um cont ai ni ng
metal &0 1 o9@wpme§b buk alsgtasod ceemisel irsucs egipment. far exemple as eathesicatins i s
because ch
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tenperature., 5 Hence, there has been a continued search for processes to
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for chem c rﬁ"&ﬁ'ﬂ
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agent as det ent,, sol utiqgn alsp to cl ean al s.. ).t shoul d be
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an oxiglgmt such as

More in particular, the present invention relates to any of the above methods,
equipment or systems wherein compared to the state of the art the use of a

corrosion inhibitor can be greatly reduced or in some cases even omitted.

25 In many industrial environments, like plants, factories, but also in oil and gas
production installations, a large part of the equipment, such as tubes, tanks,
boilers, reactor vessels, is made from chromium-containing metal alloys. Also, a lot
of chromium is applied in oil platforms. This is because chromium-containing alloys

have a better resistance against oxidative degradation than many other metals and



15 oxygen. As such, corrosion is distinctly different fromfouling and
descaling, which relate to cleaning a deposit fromthe netal surface and
not prevewoi2np/desypadati on of the netal itself or the efPCemproioemsnf. For
exanple, EP 1 067 172, JP 11158492, WD 2004/013055, and US 2009/ 0298738

di scl ose al kal i ne cl eaning sol utions containing a chelating agent in the
sense of renoving scale, grease, oil and/or 20 fouling. It is said in EP
1067172 that the corrosive effect on light nmetals is low, with the |ight
netal specified being alum na. However, acids especially are known to cause
undesired corrosion of netal surfaces, 3s is seen in for exanple the oi

i ndustry where the use of acidic 25solutions or gases like CO2 is comon
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practice. sdhify AP atbBitempsre@itki on is to provide new chem cals and
solutions that give an even nore mnimzed chrom um corrosion side effect

as well5as a reduced corrosion effect in the acidic pH range, and to
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as used in ol I"and/lor "gas | or ‘to run a nunber eém-’cal
processes désrae aquipmant used or thesiileand/@r gasnindustedand furctiemicsds thatgo not
tenperaturge and acidic pH,conditions. US 2010/0078040 di scl oses renoyi ng
Foub ng. onfavthg ciove: BT rubgh ConiRted A enrorahiee BRI 2SR © n t he
phar maceut jehdced pravipLsl, used dhehiigaigqueous cl eani ng sol utions that contain
at least two different conplexing agents in the 15 neutral pH range. The

conpl eX® ng agents can be picked froma |large group of conpounds that
i ncl udes qu@ hﬁq : @?{Bﬂ ' L '
containing a 33{&5 &%‘%E‘R/%%ﬁjee u mﬂgﬂﬁw&goﬁgqnﬁgzgﬁg%ﬁh?%%@a& | er?ta
vessel a 58sfadtergdnt spiudionss atedéy cienrt mzdtalt berfaeesss et shoulmhlbg potedattadd
with a solution containing les han 0.2 w % qf A. Nor, is hi nmount
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15 oxygen. As such, corrosion is distinctly different from fouling and descaling, which
relate to cleaning a deposit from the metal surface and not preventing degradation
of the metal itself or the effects thereof. For example, EP 1 067 172, JP 11158492,
WO 2004/013055, and US 2009/0298738 disclose alkaline cleaning solutions
containing a chelating agent in the sense of removing scale, grease, oil and/or
20 fouling. It is said in EP 1067172 that the corrosive effect on light metals is low, with

the light metal specified being alumina.

However, acids especially are known to cause undesired corrosion of metal
surfaces, as is seen in for example the oil industry where the use of acidic
25 solutions or gases like CO, is common practice and where naturally occurring

corrosive gases like H>S and CO; can be present.

In this respect, S. Al-Harthy et al.,, in “Options for High-Temperature Well
Stimulation,” Oilfield Review Winter 2008/2009, 20, No. 4, Schlumberger disclose



gas industry, where generally much nore concentrated chem cal solutions are
appl i ed because in this industry using |arge anounts of water is not always
25 economwvoabiy7issasi bl e, as water is often unavail abl eprPatt/EPh@206095Dr gas
production site, especially when the use of seawater is not an option due
to the interaction of seawater conponents with the formation, equipnent or
ot her production chemcals resulting in nore corrosion and/ or unwant ed
precipitation. In addition, the WD 2012/171859PCT/ EP2012/ 060952 4
application of |ow concentrations reduces the reaction rate consi derably,
resulting in long and costly downtines. gt has now been found that
relatively concentrated solutions of glutamic acid NN 5 diacetic acid or
a salt th@{g%f\thé%s%’%f N!H%&B@?é‘%ﬂW{étﬂ&%ﬁb&%%é‘l\?mﬁefda‘éeﬁ@é%d”ha Aakh
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| ower corrmlemmmd‘ésﬁtromﬁmui%meltdbaeifﬁeictwthahld@y&nmﬂnaerottditgewﬂie?hlahigr‘maygng 4
agent - cont ai ni ng_an i c solutions, over e acidic pH.and a broa
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alternative processes and systens that can replace state of the art
processes in the oil and/or gas industry and systens that suffer from
negati ve cbhedsreeseedf big nvemtien (s @spigvidernanc @WQ@*%@D@@@'L&D}SMB@S@V@O
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alloy in the oi or gas industry, npri sing contacting the
equi pnent cmnd)aonneﬁgctamthe aoidicnpld oange, randgoajrbmgle\mrmdesaesm applyncleantoal ni ng

at least 1 w%on total weight of the soluti 1 C_aci

N NG acet FESCRLS Bl g RauPTres a8 Ussin gre LG IRgBgE sty or to

N, N-di acet juh achisnBbér 8f sRérhicahpreRissédMabreiRadrbdian @ftddich RHmiRGker e
specifically a process to 20 reduce the corrosion of equi pnent contalnlng

a chr otf unvdsivaryinaderape@uremndmcidie ohk 6RAMLAES. a subt erranean formation
wherein an acidic solution is introduced into the formati on and at | east
part of the acid in the acidic solution is GLDA and/or MDA, preferably
wher ei n t hBSa26d00380410. [Diks casd'sorerMBIAg | rougingl easstaiblesssier! tShdfabesi fprof

the acidic solutl and the, acidic,solution c nto ontact with t
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wei ght of the solution of glutamc¢ acid N,N-diacetic acid or a salt thereof

(GLDA) 1%nd7‘%‘r‘”@+e‘?"ﬁ;fﬁ@9?cﬂﬁ% %W%'%&@Qﬁ@tsaéii@j ber pigkad fiom 1fefoa® IrRRDAS t
prevent  compounds that includes GLDA and MGDA. In the examples a cleaning solution is
made containing about 9 wt% of MGDA, but when using this solution to clean a
vessel a 50 fold dilution is made, so that the vessel is only contacted with a
solution containing less than 0.2 wt% of MGDA. Nor is a high amount of the

20 complexing agent used anywhere in the other examples.

The present invention relates to preventing or reducing corrosion in the oil and/or
gas industry, where generally much more concentrated chemical solutions are
applied because in this industry using large amounts of water is not always
25 economically feasible, as water is often unavailable at the oil or gas production
site, especially when the use of seawater is not an option due to the interaction of
seawater components with the formation, equipment or other production chemicals

resulting in more corrosion and/or unwanted precipitation. In addition, the



WO 2012/ 171859PCT/ EP2012/ 060952 5 or reduce corrosion in equipnment
containing a chromumcontaining alloy in the oil and/or gas industry, for
exanpl e twochearmigs® descal e such equi pnment, but al so asPaT@EreR2O61952 N
chrom um cont ai ni ng equi pnent, for exanple as a chemcal in a plant or
factory in the oil and/or gas industry that contains chrom um cont ai ni ng
tanks, 5 boilers, tubes or other equipnment, replacing other chemcals, in
treatnments of subterranean formations like in conpletions and stinulation
by aci di zing, fracturing, and descaling. Chem cals that can be replaced by
GLDA or MGDA are chelating agents in thegr acidic formbut also other
aci ds, because it is possible to make concentrated acidic sol utions of MDA
and even "RpQicalibi of Odﬁtc;SHceﬁlfét%né%@u&esl&%oﬂe%ﬂcSH“Fat8 oﬁs.%abThereE{nﬁﬁg“t .
i nvention al'so provides a applted in
the oil anallonggad Cloeﬂiﬂd(bWMtlrﬁBde at | east partly froma chr om um
containing alloy in contact wiwth an acidic solution containing at least 1
wt% on total 15 weight of the solution of glutamic acid N, N-diacetic acid
or a salt fheiefiw bebPAdumh R relBBidlY lcBhyshtRRedNsbhébas oF igfutadicdagd NaNsal t
t hereof (MGDA). The system of the invention in enbodi nent's contains further
i nproved cHieratc ﬁglda@eansatﬁéfmr&pﬁ GlgPAhana ¢ aethylalygineoNd\-diagetic asidsen ait i ons
used in th I 0, i ng
mdust ry 1 seEisreoaneRAT ekl s adiie Bl BB o AroHBR ol U BRAGABREE 19,
water, a cbedrediomgofagenmimiu@- czmtélam@aaﬂoysamlnhra atioer chéelating nddriticontainihgr ei n
t he am)unt of corro i nhi bit can b reat | ecrea ed or even omtted.
[ shoul o BRYRGABHSIIAR SGRRD P6RksA Ao biobg IERPBE e aRaF Ut | on
containing a 25 chelating agent and the use thereof as a breaker fluid in
the oil field. The chel ating agent may be GLDA. However, this docunent only
di scl os@s fReordingbutha PEﬂﬁ?eB?'nNﬁ@t'%P@Md@ﬁ aliernativel nreersses Mddystempihat
di scl ose t j t
cqui pront - S Enac SRSl Bie R proBghgds B g Gok RO S Astero
pr event i ngthat suiehucomgegativersoroosioVeffeds 2/ 171859PCT/ EP2012/ 060952 6 The
equi pnent containing a chromumcontaining alloy may be for exanple a punp,
tap, tube, tank, vessel, or pipe or any other device that can hold a

sol ution oThg h)’r@!;@h mbérﬁtfbnapﬁﬁldétsl &"précatsf ioOIb@duEBGthé heoprosioi 6P et aipfrighd
all oy may be present in the whole piece of gﬂ prent but also only in a

sheet Y pfentaingg aCbéqmlugbpomtﬁ@m Ay ipftha @i acsmﬁgasnlnaw%tqqmpﬂﬁmﬁ (1ike
ndustry B® RCFetind iy baBBriteFSohBInl € cidEREkatarley Aofiin o, o
meant a soboluiign Chataimrgg at feasofl withcwn Dtalpreipbr abthg solptivrbef glvt@nicaatid even
more pref em\l?ld)(ace(ta‘c acid or a salt thereof (GLDA) and/or methylglycine N,N-diacetic acid

or a salt thereof (MGDA) having an acidic pH, and more specifically a process to

20 reduce the corrosion of equipment containing a chromium-containing alloy in the

treatment of a subterranean formation wherein an acidic solution is introduced into

the formation and at least part of the acid in the acidic solution is GLDA and/or

MGDA, preferably wherein the amount of GLDA and/or MGDA is at least 1 wt% on

the basis of the acidic solution, and the acidic solution comes into contact with the

25 equipment containing a chromium-containing alloy.

The invention also relates to the use of acidic solutions containing at least 1 wt%
on total weight of the solution of glutamic acid N,N-diacetic acid or a salt thereof

(GLDA) and/or methylglycine N,N-diacetic acid or a salt thereof (MGDA) to prevent



105. The pH in some enbodinments is higher than -2, preferably higher than
-1, and nore preferably higher than 0. By use or application in the oi
and/ or gawoi2ntugissy i s nmeant any use in the production, PeEXPerIa06@N2 and/ or
recovery of oil and/or gas from subterranean 15 formations, transporting
the oil and/or gas to downstream processing units such as oil refinery
and/ or oil and/or gas downstream processing units, processing the oi
and/or gas in such units, and all acconpanyi ng processes and uses such as
t he cl eani ng, descaling, and mai ntenance of the equi prment, renoving snal
particles and renoving scale to enhancegil and/or gas well performance and
cl eaning of the 20wel | bore. Any use according to the invention involves a
step where - C nt
cont ai ni ngChrehEs RRSSLE T SO s R RO SR BBy A MR

GLDA and/ oand/ebdas momnayefmbedamrprettorm@rarcom@somleasmm equippent mius als%)ua(’eha as
primarily ter, but also other solvents |i ]L<e al cohol S, g@lcol fj
further or GAFMEaLEN SERIIBCORAINIAY egyiRmetsTor &XapWIe 854 dgmizekin a plant

di sper sant g f Sh fth&oH, arirbic 884 idus®yahhi M&ﬂam%%ﬂo@%rﬁlébhfyﬂﬁm@%rﬂé; or
bases, biocides/bactericides, water softeners, bl eachi ngsagents enzynmnes,
VO 20129 17heiEsaciytms on Dts0eszpmep ksPlagieg §th¢rr glaeraicass , in alfeatmeants 19
agents, anjfg 8 Hhé'éh ﬁ%’é‘hén A i 8 RIS §t|m8|8 @rﬁ’ﬁg%@.o‘.iﬁgﬂé ?Jrﬁ1
corrosion in |tor Nt enait Iers, viscoslifiers

agents, oxyg@rdescaimgn@éremma:larthatemarf beirdslacéd thxyoGLlAsoraMfHDA \aes phéhahngl on

e o s S0gils R ARER addic JpPE bl e bitet adtiy, diudd Tisonefiifle dpamaks, ¢

substi t ut egendephradtdd/ 8ciBiR’ SBraWINs dFYMEIA bh8levenSHbld SbhcepaYRIMIHisre ddidEes,
nanoparticles. In addition to it being found that the use of cationic

sur f act@nt 80lutigns &f €blRfon practice in the oil and/or gas industry, can

al ready decrease the undesired 10 corrosivity of fluids in the oil and gas

i ndustry, it has now been found that GLDA and MGDA give an even | ower

corrosion Elihequesmmimveratiuraiambngroaldeeya syhtem [deDBing speEcal bl eguiptrient

rel evant aci rapcﬁe in the ca e of DA .even belt)wthe |ndustrtynlin‘it
[

H
val ue of 0% dbE? gae ?@cypragaé rYéE? et '88?t Pgyt hHBE” ?hghr&mw on of

any corr ostétaininy &lidyohsconfit Wit mgéoaducl\éa%o@rtsur%mﬁg% Ighste R ohEtotaI _
unexpectedly reduced chrom um corrosion side effect, and the use there in

a subt & r awelght ob thesplyon s alwamic prigdkdipesiis Asid; of & sattdapieRt ki
chr om um CQH@/ggﬂiég%@gghngNt Q@ét ¢ 8Pk Ish At Aosr AGHRA)! itk éyrgi%lﬁ%f't roved

process to c esca rom um contal ni ng equi pment ecause
of the abowebmimi@hb@dlmeh&:cqntalhe fintiverrimipcovedashetating amnhodntamlmg;aad
solutlonlnﬁh Qh rt of corr0|on|%%]ab|tofr ndc /S|ron
i nhi bi tor PREENY WO&S 4R B SOIIerP 'SP dag ol d i LR 85 ¢ ne
art flui dsdewdstpsar gasesssingindusey i ihl addiirticopta@ing aghencenpbh&its liks 4 he
equi pnent . In the solutions of this invention _the anount of GLDA and/ or
MCDA i 20 syf® %ntysuch as water, a chelating agent, a surfactant, and a corrosion inhibitor,
wherein the amount of corrosion inhibitor can be greatly decreased or even

omitted.

It should be noted that WO 2008/0103551 discloses an acidic solution containing a
25 chelating agent and the use thereof as a breaker fluid in the oil field. The chelating
agent may be GLDA. However, this document only discloses the circulation of the
solution in a wellbore and does not disclose the combination of this solution with
any chromium-containing equipment and therefore neither discloses nor suggests

any benefits in preventing or reducing corrosion.



25 between 2 and 50 wt % for GLDA and between 2 and 40 wt % for MGDA
Preferably, the anmount is between 2 and 30 wt% nore preferably 5 and 30
wt % everwoone/pissber ably between 5 and 20 w % on t he basirgPodi2iob@se ot al
wei ght of the solution. The solutions of the invention preferably contain
GLDA. WD 2012/ 171859PCT/ EP2012/ 060952 8 The sol utions may be used at
several tenperature ranges, suitably between 0 and 200C, preferably between
20 and 150C, even nore preferably between 20 and 100C. 5 The surfactant
that can be used in the present invention can be any surfactant known in
the art and can be nonionic, cationic, guionic, zwtterionic. Wen the
formation to be treated is a carbonate formation, preferably, the

sur fact ant 4 T lo]a]l | Qni e npr e f Lyt fact ant
s cat i oni ShE\ARIBRAC pBfialid 3l ARE IR RIS g g R Be) for; dcEHE 471 2
sur f act ant pusipntap, dmbes; tank, Measelpor Pipeatidamy ethemalesicprthéiecabhyldtdeolution
surfactant is anionic. The nonionic surfactant of the present conposition
s prefor aBl JMOUBBOVERNY  HRIRS GREUIPW0NGS SHTRIGIF-CaNIRRNeS AHoediay b

al koxyl at egrealbapothe, wiidIK Pladerbest abthBRELuUtEHIS A 8nkXh desheat|df b adredparii des,

al koxyl ated fatty acids, al koxylated fatty am neS, 15 al koxyl ated al kyl

am nes §e. §f thecpigealatpauipmend iatanyxgthar Eym AkryPr prample peciaw Boxgilhaes,

| ecit hin, - ithy id esters, glycerol esters and
their ethog%ggﬁgég%%ﬁ@%%ﬁ é%%%éh?%?ﬁh&¥ﬁggr et hoxyl ates, esters of propyl ene
gl ycol, sorbitan, ethoxylated sorbitan, polyglycosides and the |ike, and

m xtures tphereof. Al koxyl ated al cohol.s referabl y .ethoxyl ated al cohol s,

opt | onal | yBIREdAREN R RUghn, B SaEkgh FRYEIY B vRelus L 9 ket roshbten
preferred ReVIhgR SH DPBERM ANbreferdbly RPHBYIGw 65 ARBLVERMENY prefsraBifitelods two
charges are conbined into one conPound) surfactants may conprise any nunber

of di f1@r eft Te®MbbimerMe ientvadimagissislmghrittean -Byeretarablydigkerathpn -1, and
sul f osucci ﬁ%?@?refér%ﬁfﬁi@ﬁer tﬂﬁﬁ"{‘)i. nes, 25nodi fi ed bet ai nes,
. g,

al kyl am dobet ai nes cocoan dopropyl betaine) . The cationic
surfactants may conprise quaternary amoni um conpounds (e.g., trinethyl

tallow a ni um chl or il.de tri r{ﬁt h(}/.ll Woammn%hl oride), derivat itHeS
thereof, aR¥ WY MRATGALT MG a0E5 i I'PUSRYPETER0 2Y détsodh the
production, exploration and/or recovery of oil and/or gas from subterranean
15 formations, transporting the oil and/or gas to downstream processing units such as
oil refinery and/or oil and/or gas downstream processing units, processing the olil
and/or gas in such units, and all accompanying processes and uses such as the
cleaning, descaling, and maintenance of the equipment, removing small particles
and removing scale to enhance oil and/or gas well performance and cleaning of the

20 wellbore.

Any use according to the invention involves a step wherein the solution containing

GLDA and/or MGDA contacts equipment containing a chromium-containing alloy.

25 The acidic solution containing GLDA and/or MGDA in one embodiment may
contain other components, such as primarily water, but also other solvents like
alcohols, glycols, and further organic solvents or mutual solvents, soaps,
surfactants, dispersants, emulsifiers, pH control additives, such as further acids or

bases, biocides/bactericides, water softeners, bleaching agents, enzymes,



9 Exanples of surfactants that are al so foam ng agents that nay be utilized
to foamand stabilize the solutions of this invention include, but are not
limted two 2betEIsses, am ne oxides, nethyl ester sul f on®CELP2012/060952

al kyl am dobet ai nes such as cocoam dopropyl betaine, al pha-olefin sulfonate,
trimethyl tallow amonium 5 chloride, C8 to C22 al kyl ethoxylate sulfate,
and trinmethyl coco ammoni um chloride. Suitable surfactants nmay be used in a
liquid or powder form Where used, the surfactants nay be present in the
solutions in an anmobunt sufficient to prevent inconpatibility with formation
fluids, other treatnent fluids, or 10 wellbore fluids at reservoir
tenperature. In an enbodi nent where liquid surfactants are used, the

surfactantg.. n r i i ange i Lr bout
o 0106 t o apigt EadndbiAnte B AR b G ER Y Rarifg R88n G B sfige R fne
| i qui d sur taedsion Snhibitorfs; eersionn irdiibinointensifiers, heiscesifims ofweliing ragenehout
0.1%to abqut 2.0% by vol une of the sol uti.on, eferably from0.1 tg 1.0
Vol unent 1 AVEHBGIRIRHEs GRS SHRvRTEess e PRl i dovk eddivgs cton
sur fact ant fediRErDet4YIBLNrhEHlog nAEEELS, gélliﬁdgggéﬁt'ég@cé?é inHiBiforabBrakBrsP01 %
to about 0.5% bg wei ght of the solution. 20 rrosion inhibitors my be
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sel ect edl f palth. t RENgR, onprtichlades, nerasalinkpusit sakapybitweni Ualativerpperierabdiy
sul fur co @gépé j Y, i a (DETU), which is suitable
up to 185%%3’@%3?’ 5@; , Cgﬁﬁﬁiﬁ&%s%. %lgl’nr#aur%rbgﬁ%%'nol iniumsalt, such as
dodecyl pyridiniumbrom de (DDPB), and sul fur conpounds, such as 25

t hi nni 1 hi t i ch itabl e f th . 203- 302F
(about - 95- 115 BE9T0B Ao e BLac aathe bR aenty s iraghiys G agprion
thiourea, pragtie®rinety Wil BRY/F tgds ¢RdUses, Uah aftBady@|deckedier itih N@flesirdP

2012/ 171859PCT/ EP2012/ 060952 10 In general, the nost successful inhibitor
f or mul 32 i ofQTeRYiYoPlgBYIe indhelsil and @Ieingdusiiy ihhantnovebaerifernghthae SLPAJuced

sul fur conpoynge ﬁxﬁé&%n“%&%ﬁ%w@f c%rH&EHnOSF%hF&ﬂﬁ%E&wtéﬁmdglj%ﬁo%QUrﬁ&ﬁ or

pol yfuncti onal conp a sul fur conpound. e anvunt cOrrosi on
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0. 001 and

.0 volunme%.on. total solution, Preferably, the . .
chr o am cBAPY REdgtboy Etbe oS Bitserk Dol adir trCamiachewthuedne a1 oy
in which chagitibmrafi snyprceresion Whibbrd. SACSdr@Rgly® NMGDIROGedIoReGEDAr §Re0#n
properties thereof. In a preferred enbodi mrent the chrom umcontaining alloy
15  unexpectedly reduced chromium corrosion side effect, and the use thereof in"a
subterranean formation treatment process results in corrosion of the chromium-
containing equipment being significantly prevented and an improved process to
clean and/or descale chromium-containing equipment. Also because of the above
beneficial effect, the invention covers a method using a solution in which the
20 amount of corrosion inhibitor and corrosion inhibitor intensifier can be greatly
reduced compared to the state of the art fluids and processes, while still avoiding

corrosion problems in the equipment.

In the solutions of this invention the amount of GLDA and/or MGDA is suitably
25 between 2 and 50 wt% for GLDA and between 2 and 40 wt% for MGDA.
Preferably, the amount is between 2 and 30 wt%, more preferably 5 and 30 wt%,
even more preferably between 5 and 20 wt% on the basis of the total weight of the

solution. The solutions of the invention preferably contain GLDA.



10 contains between 1 and 40 wt % of chromumon total netal content, nore
preferably it contains between 5 and 30 wt % of chrom um even nore

pr ef er ablwoletawees5910 and 25 wt % of chromi um Pref er abl PCTiEHPR012/060952

chrom um contai ning all oy contains stainless steel. 15Exanples of

chrom um contai ning stainless steels are (i) austenitic steels, which
contain a maxi num of 0.15% carbon, a m ni num of 16% chrom um and
sufficient nickel and/or nanganese to retain an austenitic structure at all
tenperatures fromthe cryogenic region to the nelting point of the all oy,
wherein a typical conposition of 18% chrgom um and 10% ni ckel is often used
in flatware; (ii) superaustenitic 20 stainless steels, which exhibit great
resi stance or i ittl i j i

ot ybienan FERPLRBRE BEabbe Ha0haP PSR LR B PGk, S pdide b ang

ni ckel conR@IRC, ersferablp dictvesen 201 BtAANSE G, evehnr msre paferablyoetarenlkignarer sus
the 300 serjes, (iii) ferritic stainless steels, which generally have
better engﬂh@&-i ng properties than austenitic grades but reduced corrosion
25 resistance due to the lower chrom um and nickel content, which contain
bet ween 10. 5% and 27% chrom um and very little nickel, if any, although
sone t ypesTbarsusigataait ihateean bandseashisr Blenpiagapt syepben cronke ik | w@ctan

mol ybdenum ang, %r‘?f{ﬁ\;\ﬁ!é}ﬁ'a%ecﬂ pl%‘ EUAENET oA bd Al WibniE! %?Nit{g?irohf‘:én%héﬁ the

stai nl ess steels, ich are not "as corrosion-resistaht as” the other two

cl asses buforaiaéorexor beretgated rionay canobriategbrmatson, Vifdeferably, the surfactant is
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ol ybdenunidrfafiod %, ans&i@ltode asmmatitmn Fierabipd tear fiatactaRoidt nBnibnikYor

(giving the material nore hardness but also making it a bit nore brittle);
(v) préei ppRighicoAn® gvere AIGig Prefetadhsihe firactaniiearioBiteel s, which have 5 a
corrosion resistance conparable to austenitic varieties but can be

preci pitation-hardened to even higher strengths than the other martensitic
grades; (vihe Doplomic strédathrsy the pee¢ssntwbhimplostianas preferatly stlecestfrarnttoe e of

austenite and ferri.t the aimusual ly bei to _produce 50/5Q m x
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steel coupons of Cr-13 gUI\_lS $41000 steel) were attached to the autocl ave
i g Wi .?(P]htzygﬁéﬁrlﬂtpeyﬁﬁ’. ?ﬁ*ﬁt%&@_f_ﬁ%%%F@f%ﬁr%ﬁéﬂowcﬁdwitaﬁ%‘%t)yI al cp{]ﬁl
and wei ghted before the test. e autocl ave was purge ree tinmes w a
smal | amount of N2. Subsequently the heating was started or in the case of
hi gh pressiihe axpeic (romealimere Zpittariomie aaswoi cBargest ateo combinegdintpspnen t h
N2 The 6 DOUEOLALIET HRSLBIATES SifSRid Yokl LB S At CORRAPAIAES ©f
including sulfonates, hydrolyzed keratin, sulfosuccinates, taurates, betaines,

25 modified betaines, alkylamidobetaines (e.g., cocoamidopropyl betaine) .

The cationic surfactants may comprise quaternary ammonium compounds (e.g.,
trimethyl tallow ammonium chloride, trimethyl cocoammonium chloride), derivatives

thereof, and combinations thereof.



30aut ocl ave was cooled quickly with cold tap water in c. 10 mnutes to
<60C. After WD 2012/ 171859PCT/ EP2012/ 060952 12 cooling to <60C t he

aut ocl avewoasidgpssessuri zed and the steel coupons were PERmEmPR2f06@R2t he
chel ate sol ution. The coupons were gently cleaned with a nonnmetallic brush

and flushed wth a small anmount of water and isopropyl alcohol.

The coupons

were wei ghted again and the chelate solution was retained. 5 Table 1:
Aci d/ Chel at e sol utions: Chel ate Activei ngredi entand Content pHas such G.DA

20.4 wt % GLDA- NaH3 3.51 HEDTA 22.1 wt % HEDTA- NaH2 3. 67 MGDA

10

15

20

25

9

Examples of surfactants that are also foaming agents that may be utilized to foam
and stabilize the solutions of this invention include, but are not limited to, betaines,
amine oxides, methyl ester sulfonates, alkylamidobetaines such as
cocoamidopropyl betaine, alpha-olefin sulfonate, trimethyl tallow ammonium
chloride, C8 to C22 alkyl ethoxylate sulfate, and trimethyl coco ammonium
chloride.

Suitable surfactants may be used in a liquid or powder form.

Where used, the surfactants may be present in the solutions in an amount
sufficient to prevent incompatibility with formation fluids, other treatment fluids, or
wellbore fluids at reservoir temperature.

In an embodiment where liquid surfactants are used, the surfactants are generally
present in an amount in the range of from about 0.01% to about 5.0% by volume of
the solution.

In one embodiment, the liquid surfactants are present in an amount in the range of
from about 0.1% to about 2.0% by volume of the solution, preferably from 0.1 to
1.0 volume%.

In embodiments where powdered surfactants are used, the surfactants may be
present in an amount in the range of from about 0.001% to about 0.5% by weight

of the solution.

Corrosion inhibitors may be selected from the group of amine and quaternary
ammonium compounds and sulfur compounds. Examples are diethyl thiourea
(DETU), which is suitable up to 185°F (about 85°C), alkyl pyridinium or quinolinium
salt, such as dodecyl pyridinium bromide (DDPB), and sulfur compounds, such as
thiourea or ammonium thiocyanate, which are suitable for the range 203-302°F
(about 95-150°C), benzotriazole (BZT), benzimidazole (BZI), dibutyl thiourea, a
proprietary inhibitor called TIA, and alkyl pyridines.



20.5 wt % MGDA- NaH2 3.80 Results 10ln the schenme of Table 2 the results of
the corrosion study of Cr-13 steel coupons (UNS S41000) are shown for the
di f f erentweab1ti7e858. Table 2: Different chel ate or aci dPSOIEPRIIQMNE09FEST NO.
Chel ate pH Tenp. C Pressure (PSI) Assay after corrosion test 6 Hrs
corrosion LBS/sqg.ft #01 G.DA 3.5 160 -

10

In general, the most successful inhibitor formulations for organic acids and
chelating agents contain amines, reduced sulfur compounds or combinations of a
nitrogen compound (amines, quats or polyfunctional compounds) and a sulfur
compound. The amount of corrosion inhibitor is preferably less than 2.0 volume%,

5 more preferably between 0.001 and 1.0 volume% on total solution.

Preferably, the chromium-containing alloy contains a stainless steel or another
metal alloy in which chromium is present, which is often to improve the corrosion
properties thereof. In a preferred embodiment the chromium-containing alloy
10 contains between 1 and 40 wt% of chromium on total metal content, more
preferably it contains between 5 and 30 wt% of chromium, even more preferably
between 10 and 25 wt% of chromium. Preferably, the chromium-containing alloy

contains stainless steel.

15  Examples of chromium-containing stainless steels are (i) austenitic steels, which
contain a maximum of 0.15% carbon, a minimum of 16% chromium, and sufficient
nickel and/or manganese to retain an austenitic structure at all temperatures from
the cryogenic region to the melting point of the alloy, wherein a typical composition
of 18% chromium and 10% nickel is often used in flatware; (ii) superaustenitic

20 stainless steels, which exhibit great resistance to chloride pitting and crevice
corrosion due to a high molybdenum content (>6%) and nitrogen additions, and
which by a higher nickel content ensure better resistance to stress-corrosion
cracking versus the 300 series; (iii) ferritic stainless steels, which generally have
better engineering properties than austenitic grades but reduced corrosion

25 resistance due to the lower chromium and nickel content, which contain between
10.5% and 27% chromium and very little nickel, if any, although some types can
contain lead, and wherein many compositions include molybdenum and some
include aluminium or titanium, (iv) martensitic stainless steels, which are not as

corrosion-resistant as the other two classes but are extremely strong and tough, as



18. 4mt % as GLDA-Na H3 0. 0013 #02 G.DA 3.5 149 - 20. 1wt % as GLDA-Na H3
0. 0008 #03 HEDTA 3.7 149 - 24.4 w/o as HEDTA-NaH2 0.3228 #04 GLDA 3.5

10
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well as highly machinable, and which can be hardened by heat treatment, which
steels contain chromium (12—-14%), molybdenum (0.2—-1%), nickel (less than 2%),
and carbon (about 0.1-1%) (giving the material more hardness but also making it a
bit more brittle); (v) precipitation-hardening martensitic stainless steels, which have
a corrosion resistance comparable to austenitic varieties but can be precipitation-
hardened to even higher strengths than the other martensitic grades; (vi) Duplex
stainless steels, which have a mixed microstructure of austenite and ferrite, the aim
usually being to produce a 50/50 mix, although in commercial alloys the ratio may
be 40/60, which steels have roughly twice the strength compared to austenitic
stainless steels and also improved resistance to localized corrosion, particularly
pitting, crevice corrosion, and stress corrosion cracking and are characterized by
high chromium (19-32%) and molybdenum (up to 5%) and lower nickel contents

than austenitic stainless steels

Experimental

Example 1

A beaker glass was filled with 400 ml of a solution of a chelating agent as indicated
in Table 1 below, i.e. about 20 wt% of the sodium salt of about pH 3.6. This beaker
was placed in a Burton Corblin 1-liter autoclave.

The space between the beaker and the autoclave was filled with sand. Two clean
steel coupons of Cr-13 (UNS S41000 steel) were attached to the autoclave lid with
a PTFE cord. The coupons were cleaned with isopropyl alcohol and weighted
before the test. The autoclave was purged three times with a small amount of No.
Subsequently the heating was started or in the case of high pressure experiments
the pressure was first set to ¢. 1,000 psi with N2. The 6-hour timer was started
directly after reaching a temperature of 149°C. After 6 hours at 149°C the

autoclave was cooled quickly with cold tap water in ¢. 10 minutes to <60°C. After



149 >1000 20. 1wt % as G.DA-Na H3 0. 0009 #05 HEDTA 3.7 149 >1000 16. 0w % as
HEDTA- NaH2 0. 5124 #06 MGDA 3.6 149 >1000 22. 7wt % as MCGDA- NaH2 0. 0878
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cooling to <60°C the autoclave was depressurized and the steel coupons were
removed from the chelate solution. The coupons were gently cleaned with a non-
metallic brush and flushed with a small amount of water and isopropyl alcohol. The
coupons were weighted again and the chelate solution was retained.

Table 1: Acid/Chelate solutions:

Chelate Active  ingredient and | pH as

Content such
GLDA 20.4 wt% GLDA-NaH; 3.51
HEDTA 22.1 wt% HEDTA-NaH; 3.67
MGDA 20.5 wt% MGDA-NaH; 3.80
Results

10  Inthe scheme of Table 2 the results of the corrosion study of Cr-13 steel coupons
(UNS $S41000) are shown for the different solutions.

Table 2: Different chelate or acid solutions

Test Chelate | pH | Temp. | Pressure | Assay after 6 Hrs
no. °C (PSI) corrosion test corrosion
LBS/sq.ft

#01 GLDA | 3.5 |160 - 18.4wt% as

GLDA-NaH; 0.0013
#02 GLDA |3.5(149 - 20.1wt% as

GLDA-NaHs 0.0008
#03 HEDTA | 3.7 | 149 - 24.4 wt% as

HEDTA-NaH; 0.3228
#04 GLDA | 3.5 149 >1000 20.1wt% as

GLDA-NaH; 0.0009
#05 HEDTA | 3.7 | 149 >1000 16.0wt% as 0.5124

HEDTA-NaH; ’
#06 MGDA | 3.6 | 149 >1000 22.7wt% as

MGDA-NaH; 0.0878




WO 2012/ 171859PCT/ EP2012/ 060952 13 The corrosion rates of HEDTA (pH 3.7) at
149C and pressure of 1,000 psi are significantly higher than for M3DA (pH
3. 8) and wochidi7ggser conpared to GLDA (pH 3.5). The cor rosiErr0i2at@s2 of bot h
HEDTA (pH 3.7) and MEDA (pH 3.8) at 149C and pressure of 1,000 psi are

hi gher than the generally accepted |imt value 5 in the oil and gas

i ndustry for chrom um based alloys of 0.03 LBS/sq.ft (6 hours test period),
whi ch neans that they will need a corrosion inhibitor for use in this
industry. As MGDA is significantly better than HEDTA, it wll require a
much decreased anount of corrosion inhilpgtor for acceptable use in the
above applications when used in line with the conditions of this Exanple.
The 6- hour for |, (S S I UNS
541000) at "1 e BS6ERAN S SROTAGH THLAn G AReayEed TOBB AR i
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during a 6 _hr tes he cor.rosion cau far

bel 0wt hi SCPFRRESS | a0t Gi5n SOBETIOR ITTONSEL Iy PECHISHBWSSEnE | BB BEOKF anrent

anal ysi s ofppliftatie®s vafeno0séd ih dibe akittethd RenbitiBhs GPrthRSEREMpRSTHY 6 Hefde. The
anal ysi s shows that 20 wt % HEDTA at éH:S 8 and 10 wt% formc acid attack

Che 100 aHTOHFOR 0L (et Gamess Sadde o NS SRSObAl d0C
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2012/ 171859P0:’DBE[EE$V$a/f0610@32tm$ o conduded thegtit isqataitke puupe &SlddA én thidie
test. The Iou TA | e, acetic acids cause a smaller

i ncrease i Pr"ﬂ{tﬂ HLH‘ rllﬁeiﬁj lﬁﬁqs%ﬁgrrgﬂon '%@: "t h the | ower corrosion rate.
The 20 wm % GLDA sol ution at pH=3.8 caused a negligible increase in iron and
chromumin the solution, indicating that GLDA does not cause 5any
corrosidn EXample13 steel under these conditions. Exanple 3 Corrosion tests
wi th anionic surfactants and/or corrosion inhibitors were perforned

In Figure 1 the corrosion rate of 20wt% GLDA at 150°C was compared with other
frequently used acids in the oil and gas industry for Cr-13 steel. The corrosion tests
were performed according to the procedure described in Example 1. Without any

20 addition of corrosion inhibitor the corrosion caused by 10 wt% acetic acid, 15 wt%
acetic acid, 20 wt% HEDTA at pH=3.8, and 10 wt% formic acid is above the
generally accepted limit for chromium-containing alloys of 0.03 LBS/sq.ft during a 6
hr test. The corrosion caused by 20 wt% GLDA at pH=3.8 is far below this limit, i.e.
0.008 LBS/sq.ft.

25 Figure 2 shows the ICP-ES element analysis of the corrosion fluids after the 6 hr
corrosion test at 150°C. The analysis shows that 20 wt% HEDTA at pH=3.8 and 10
wt% formic acid attack the iron and chromium ions in the stainless steel to the
same extent, resulting in high concentrations of these elements. It was even

observed that the colour of the HEDTA fluid turned from pale yellow before the



10 with Cr-13 steel according to the nethod described in Exanple |I. The
surfactant, Wtconate NAS-8, was selected fromthe group of anionic

wat er - wetwongi2irigsact ants. Wtconate NAS-8 consi sts of BE6WEP2@eienyssul f oni c
acid, sodiumsalt, 60%water, and 4% sodi um sul fate. Arnmohib 31 represents
a group of wdely used corrosion inhibitors for the oil and gas industry
and consists of al koxylated fatty 15 am ne salts, al koxylated organic
acid, and N, N -di butyl thiourea, with 100% active ingredients. The
corrosion inhibitor and anionic surfactant are avail able from AkzoNobel
Surface Chem stry. Figure 3 clearly shoyw the difference in corrosion
behavi our between G.DA and 20 HEDTA. W thout additives G.DA shows no
corrosion, TA, 1, S ich
s tar abotirgnd fasidd P PAHEREAHE B THE QR s AT it I o
of the coracstiooacidsltiabse &r shblerciotreasedn irat esd @hrmﬁmumdunmdaéwamehe
simlar. ition of an_ anjioni r f nt | eads, t n.increase i .te
corr ogl on e QTR ELS: 50F 20 MesBEPAGSaIEE Bhersd s caress & pdligiRi
0.9592  25jdchsdsean fifonfeid deBHum iif tHeCad1iititeh, irtfcAPigrtagt GEDNWJ&Q’&&rcaQEet hi s
ani onic surfactant itself. \Wen both 0.5 vol % corrosion inhibitor and 6
vol % anf onPRY Seiresien aRtCratesieehtndrsdhesa ¢onditioNS, t he corrosion rate is
reduced to 0.2207 |Ibs/sqg. ft, which is still far too nuch. In contrast, the
corrosion rate of GLDA decreases to acceptable rates under identi cal

condi ti onsExamglec&ti ng the surprisingly gentle character of WO

2012/ 171859PCT/ EP2012/ 060952 15 G.DA for this netallurgy. Even when the
anount of corrosion inhibitor is increased to 1.5 vol% the corrosion rate

of HEDTA i gofrbkibh tstsiviiBSafiBhe duBtadnteafe/eeBbabsien iisitors Wer&peffofhed
corrosion rate increases when the anount of corrosion inhibitor is

i ncreas@ed wih 513,/ 8len) aperidingt torigetrneathod eseppedrimExanplesi.obhe aHifastans 5
concentr at der ndi i ESnalaun 1.9 [ ' ;
signifi cany\ﬁ{& I-lomerN'E“ﬁaﬁ t g’ gr?léucg rfergrtTi rtgg gg&@%‘?’fﬁ%ﬁ@am&%teér?eﬂ%
study the etﬁrtfantantef WittensienABad iconsists @ 3% rlesctenesutionn acd, saditiinossl
sur f act ant nd G_DA on, the.corr s'o of = st eel, (UNS S4 00 eries
of corr osi B WaBS sk Boa RGP ALl Arg o hikrioee tis 6 PHBAT Mok uief e 1

The resul t oRxI6R SHRBItERS fbhmeﬁoh(uﬁd 58 ahddse§Sartt cdhsiSisasiealkboydtet rfaEY QUF e
4. The cationic surfactant, Arquad C 35, consists of 35% cocotrinmeth
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al koxyl at ed ty am ne salts, organi c acid, an

thi ourea. AkeoNebel SsifaneiGiemMistyr and cationic surfactant are avail abl e
from AkzoNobel Surface Chem stry. The results show that the corrosion rate
of GLDA is significantly less than for 20 HEDTA under all studied

condi t i onsFigufe Gogieamathows whé liiffbréices ¢ Bowbsic®bepaiiolr betwddrt GLDANEHGr 6
vol % of cationic surfactant the corrosion rate of G.DA remains well bel ow
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for inferior quality netal types a mnor anount of ‘corroSion inhibitor is
expected t©. Oﬁdeé@dfewponwdﬁmn QD sorosion dnlebitasithe sowasipniates todHERT Aot
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itself. When both 0.5 vol% corrosion inhibitor and 6 vol% anionic surfactant are
combined with HEDTA, the corrosion rate is reduced to 0.2207 Ibs/sq. ft, which is
still far too much. In contrast, the corrosion rate of GLDA decreases to acceptable

rates under identical conditions, indicating the surprisingly gentle character of



16 Exanple 5 Corrosion tests were executed according to the nethod
described in Exanple 1 with various types of chrom um containing all oys.
The conposot2oi7ef59t he netals is 5 given in Table 3. UrdempPeandsiosnns t hat
are typical for the North Sea area, i.e. 120C and in the presence of 10
mol % H25/ 5 nol % CO2/ bal ance N2, a 20 wt % GLDA solution at pH=3.8 required
only a mninmum quantity of 0.05 v% corrosion inhibitor (Arnmohib 5150,
avai l abl e from AkzoNobel ) to stay below the industry limt of 0.03

| bs/sq.ft for these types of alloys, which is far bel ow the nornma
corrosi on 10i nhi bitor | oadi ngs used undes these conditions during acid
treatnents. Table 3: Conposition of the steel coupons Elenent Cr-13

(541000) Dep iRt 48 mexani8y) Eviiie fiien \hOERREN & Grrodidh Bhibidr RAfRcMised

to 1.5 vol%, the corrosion rate of HEDTA is still 3 times more than the acceptable
rate. For GLDA the corrosion rate increases when the amount of corrosion inhibitor
is increased to 1.5 vol%, indicating that the optimum corrosion inhibitor
5 concentration under these conditions is around 0.5 vol%, which is significantly

lower than the amount required for HEDTA.

Example 4

10  To study the effect of the combination of a corrosion inhibitor, cationic surfactant,
and GLDA on the corrosion of Cr-13 steel (UNS S41000), a series of corrosion
tests were performed using the method described in Example 1. The results
expressed as the 6-hour metal loss at 163°C are shown in Figure 4. The cationic
surfactant, Arquad C-35, consists of 35% cocotrimethyl ammonium chloride and

15  water. Armohib 31 represents a group of widely used corrosion inhibitors for the oil
and gas industry and consists of alkoxylated fatty amine salts, alkoxylated organic
acid, and N, N’-dibutyl thiourea. The corrosion inhibitor and cationic surfactant are
available from AkzoNobel Surface Chemistry.

The results show that the corrosion rate of GLDA is significantly less than for

20 HEDTA under all studied conditions. In combination with 0.01 vol% of corrosion
inhibitor and/or 6 vol% of cationic surfactant the corrosion rate of GLDA remains
well below the acceptable limit of 0.05 Ibs/sq.ft. Even in the absence of corrosion
inhibitor acceptable results were obtained for this type of metallurgy, but for inferior
quality metal types a minor amount of corrosion inhibitor is expected to be needed.

25 For HEDTA 1.0 vol% corrosion inhibitor is not yet sufficient to reduce the corrosion
rate below this limit. The results show that, in contrast to HEDTA, GLDA is
surprisingly gentle to Cr-13 metal and that combining GLDA with corrosion inhibitor

or cationic surfactant or not does not influence the corrosion rate.
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Example 5

Corrosion tests were executed according to the method described in Example 1
with various types of chromium containing alloys. The composition of the metals is
5 given in Table 3. Under conditions that are typical for the North Sea area, i.e.
120°C and in the presence of 10 mol% H2S/5 mol% CO./balance Nz, a 20 wt%
GLDA solution at pH=3.8 required only a minimum quantity of 0.05 v% corrosion
inhibitor (Armohib 5150, available from AkzoNobel) to stay below the industry limit
of 0.03 Ibs/sq.ft for these types of alloys, which is far below the normal corrosion

10  inhibitor loadings used under these conditions during acid treatments.

Table 3: Composition of the steel coupons

Element Cr13 Duplex 2205 SA2832
(S41000) (S31803) (N08028)
C 0.13 0.017 0.008
Mn 0.39 1.43 1.5
Si 04 0.36 0.3
Cu 0.1 0.31 1.21
Ni 0.3 3.71 30.65
Cr 12.2 22.42 26.75
Mo 0.03 3.18 3.46
Fe balance Balance balance




Mo 0.03 3.18 3.46 Fe bal ance Bal ance bal ance WO

2012/ 171859PCT/ EP2012/ 060952 17 Clainms 1. A process to reduce the corrosion
of equi preOt200IMIEEPNi ng a chrom um contai ni ng all oy i n Po@/EFRé12ASDr gas

i ndustry, conprising a step of 5 contacting the equipnment containing a
chromumcontaining alloy with a solution containing at least 1 wt % on
total weight of the solution of glutamc acid N, N-diacetic acid or a salt

t hereof (GLDA) and/or nethyl glycine N, Ndiacetic acid or a salt thereof
(M3DA) having an acidic pH 102. A process to reduce the corrosion of

equi pnent containing a chromum contaifyng alloy in the treatnent of a
subt erranean formati on wherein an acidic solution is introduced into the
formation 8t | east part of the acid in the acidic solution is glutamc
acid N, N-dracetic acid or a salt thereof (G.DA) and/or nethyl glycine

N, N-di acetic acid or a salt thereof (M3DA), and the 15acidic solution cones
I nto cont act vm h t he e%é ment containing _a chromumcontaining alloy. 3.

The process df IRPRESS 4GPt CamBRIRD At ey PREThGPRRINMDA FRORIUMzast 1
Wt % on total weigHibinfg taBy Sidl did O8Ik and/or gas industry, comprising a step of

5 contacting the equipment containing a chromium-containing alloy with a
solution containing at least 1 wt% on total weight of the solution of glutamic
acid N,N-diacetic acid or a salt thereof (GLDA) and/or methylglycine N,N-
diacetic acid or a salt thereof (MGDA) having an acidic pH.

10 2. A process to reduce the corrosion of equipment containing a chromium-
containing alloy in the treatment of a subterranean formation wherein an
acidic solution is introduced into the formation and at least part of the acid in
the acidic solution is glutamic acid N,N-diacetic acid or a salt thereof (GLDA)
and/or methylglycine N,N-diacetic acid or a salt thereof (MGDA), and the

15 acidic solution comes into contact with the equipment containing a

chromium-containing alloy.

3. The process of claim 2 wherein the amount of GLDA and/or MGDA is at

least 1 wt% on total weight of the solution.

“ 4. The use of acidic solutions containing at least 1 wt% on total weight of the
solution of glutamic acid N,N-diacetic acid or a salt thereof (GLDA) and/or
methylglycine N,N-diacetic acid or a salt thereof (MGDA) to prevent or
reduce corrosion in equipment containing a chromium-containing alloy in the

25 oil and/or gas industry.

5. The use of claim 4 to clean or descale the equipment.

6. The use of claim 4 to treat a subterranean formation to produce oil and/or

30 gas therefrom.



20 4. The use of acidic solutions containing at least 1 wt% on total weight
of the solution of glutamc acid N, Ndiacetic acid or a salt thereof (G.DA)
and/ or nmewvbybglyessne N, N-di acetic acid or a salt thereoPCTMBDAR/O@SPr event
or reduce corrosion in equi pment containing a chromumcontaining alloy in
the 250i| and/or gas industry. 5. The use of claim4 to clean or descale

t he equi pnent. 6. The use of claim4 to treat a subterranean
formation to produce oil and/or 30gas therefrom WO

2012/ 171859PCT/ EP2012/ 060952 18 7. The use of any one of clains 4 to 6
wherein the solution replaces another chglating agent -containing and/or
aci di c chem cal . 8. The use of any one of clains 4 to 7 in oi
and/ or gas prod i i C i

racturing. o e S8 G srLbBRS aTae WisPeh o 3Bl Febdbes Bhouif

one of clains lche:batawg/\ﬁmrﬁl—nohhmm@hud/boamdcmtraamnSall n addition water, a
surfactant, an acid and/or a corrosion inhibitor. 10 10. The use of any one
of clains 4 to 9 or the_process of any one of clajnms 1 to 3 or 9 wherein

the sol ution 8 nTBRINSE Gh FWNPAPNST 61REMSr4 Br & RdAIl tINVEQT §PSt ROIYFERID B
sol vents |ike %@éleﬁén@éﬂ@étn%gla‘ﬁ@ﬁtb? dddifing! &APRFingd! Yol s, further

organi ¢ solvents or nutual solvents, “soaps, surfactants, dispersants, 15
enul sifiers, pH control additives, such as further aci ds or bases,
bi oci des/ bact%r Tké¢ des of aay enesxﬁfctaémemstp &beﬁtxehbmgeagefnarw ommimieh;ns 1to

brigh f.oul
ant P~ st udge agent i 1 oo BRen 2 POLGIET B EER Tn PR AT er s,

vi scosifiers, watd/bng cagesiva.inklbiver ti ng agents, oxygen scavengers, carrier
fluids, quid |l oss 20 additives, friction reducers, stabilizers, rheol ogy

modi fi &¥s, gelling agents, scale inhibitors, breakers, salts, brj nes,
particul at es,10cT@ &pe ok any ongaqulagrnggttptqu@@e Rreress 9@%@%96@'5!@%/1 to

modi fiers, sul fide Q%I?é/r%PQ%SmImIM ﬁfaedgﬁlb‘ﬁ Wﬂéro%b%r?ﬁore%ﬂv%

contai ning a piece of equipnent app ol I and/or gas i ngustry made
at | east partl ygrfouupmfasod,vmbsﬁlikmw\cabertan qihleg salvleo;s iike alcnhdet gkm::olb aumtheci di c
sol ution containij ngl at ta wei %ht of t

glutanic acid NRAHS SaFER o Tyl sl e S, CLERS BaRal a fsp8Rats
met hyl g4 yci ne I\érNutéifms:t ipH agbitrd)r addiivks, tdirheals (VBB - acids or bases,

biocides/bactericides, water softeners, bleaching agents, enzymes,
brighteners, fragrances, antifouling agents, antifoaming agents, anti-sludge
agents, corrosion inhibitors, corrosion inhibitor intensifiers, viscosifiers,
wetting agents, diverting agents, oxygen scavengers, carrier fluids, fluid loss
20 additives, friction reducers, stabilizers, rheology modifiers, gelling agents,
scale inhibitors, breakers, salts, brines, particulates, crosslinkers, salt
substitutes, relative permeability modifiers, sulfide scavengers, fibres, and

nanoparticles.

25 11.A system containing a piece of equipment applied in the oil and/or gas
industry made at least partly from a chromium-containing alloy in contact
with an acidic solution containing at least 1 wt% on total weight of the
solution of glutamic acid N,N-diacetic acid or a salt thereof (GLDA) and/or
methylglycine N,N-diacetic acid or a salt thereof (MGDA).

30



WO 2012/ 171859PCT/ EP2012/ 060952 19 12. The system of claim 11 wherein the
solution contains in addition water, a surfactant, an acid and/or a

corrosi orwPrhi2hi7isse . 13. The system of claim 11 or 1PCREPR@R2/060982 piece
of equi pnent is a punp, 5tap, tube, tank, container, vessel, pipe or a
device that holds or contains the solution or through which the solution
flows. 14. The system of any one of clains 11 to 13 wherein the
chrom um containing alloy contains a stainless steel conprising 5 to 30 wt%
of chromiumon total 10nmetal content. 15. The system of claim 14 wherein
the stainless steel is chosen fromthe ggoup of austenitic stainless

steels, superaustenitic stainless steels, ferritic st ai nl ess

steels, mart %fg?ﬂné S gttegiuBf SRSt L Gndreif 1S 'SBIBh HHhAL 98 Yoo WA epsi ti
ers, an pl e steel's.

stai nl ess ste X stai nl €ss
surfactant, an acid and/or a corrosion inhibitor.

13.The system of claim 11 or 12 wherein the piece of equipment is a pump,
5 tap, tube, tank, container, vessel, pipe or a device that holds or contains the
solution or through which the solution flows.

14.The system of any one of claims 11 to 13 wherein the chromium-containing
alloy contains a stainless steel comprising 5 to 30 wt% of chromium on total
10 metal content.

15.The system of claim 14 wherein the stainless steel is chosen from the group
of austenitic stainless steels, superaustenitic stainless steels, ferritic
stainless steels, martensitic stainless steels, precipitation-hardening
15 martensitic stainless steels, and Duplex stainless steels.



