;[\ e3e=:">P6T" , -2 Decenber 2002 1 Method for preventing deposits in oil
~extraction The invention relates to a nethod for preventing deposition of
nmetal salts during oil extraction. 5 Water is w dely used Datember 2002r act i on
of oil. The water is injected under pressure into the oil reservoir. The
oil present in the rock is displaced bylthe water into production wells a
short distance away. The oil-bearing rocks also contain water, referred to
as formation water. This formation water usually contains potenti al
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gives rise to t i i I ol i te,
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cal ci um car BB CAEuT. 24, SRt Lder el camdioniy teusitions 85 e

bi car bont e pédudy. diel Yl Béldsagrk dodted ERBhorEOWRME fuse BCMAdeasidickhivarer fboeke not
have the desjred effect, i

partly because corrosion occurs and because of the
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t hat deposition in the rocks thenselves is not tackled by this nmeans and
that envidr orfficthe sxtraghenefenik Shafoamation oo else contains rdipastinenperls, ehichiiee
formation ofi,@deReS it e ¥ephf Mﬁ?@&&@qxﬁ)ﬁﬂ% RheH $En&ingSHa kigposit th&skred s .
These are substances ich greatly reduce the formation of scale, partly by
i nhi biting deystodie teeoin protegempinypesianhthgiengrosmgite t he nost attractive from
the technical a 1 C PRSI in v 1; es which have been proposed
or are used as s@gzgﬁg&ﬁ%ﬂ(}%ﬁaﬁ%?s |nlé u’aé’ po ;Nggsrc'yl ates, pol yacryl am de,
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whi ch ar e usedndndrallyiunatexdtivacti on i s playing an increasingly nore
significant rol 5 Thj s pli.es in particular in.the case of oil
extraction i t umg}ep{]caggig_peg?cﬁ%fhgtcgengf:egﬁlcqrégeg‘xafnfcg@ f‘}ﬁm‘{:‘ﬁéo BROYESBI: i nter
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preference for thlﬁ?best classified products., There is therefore ﬂn
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phosphonat es, have a reduced performance in the presence of iron 10 ions;
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In US-A 4 561 982 oxidised polysacchari , such as ‘starch, cellulose and
car boxy et Huck éhibitopssase the mestatinsdeecftpn the deshnieal andgchhamie standppint. east some of

havi 0 e f or margsy G R SRR SRIATR 21 IP SRS fhohfle BOOLPS
A s e Mt .
ex;5 racti gn am°%%1§w&9?§b%%§ﬂwi}?°%‘ﬂﬁ%ﬁé%?!‘e i%ih?%§isﬁ8§ﬁfiﬁegéﬁ GIBE)/S 3&% h%& t he

need for inproved agents for scale inhibition in oil and gas extraction can
be net by the use of carboxyl-containing inulin and other carboxyl 20
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affected by the, pre: e of ironions. In this context fructansggke
under st ood to i n¢l%de a11 oli gosacchari des and poly sacchari des which have
a majority of anhydrofructose units. The fructans can have a 25

pol ydi sperse chain I ength distribution and can be straight-chain or
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car boxyl groups can be present in the form of carboxyal kyl groups, such as
~car boxynet hyl , carboxyethyl, dicarboxynethyl or carboxyethoxycarbonyl
groups. These can be obtained by etherification of the fpusdcamberno®2known
manner. The carboxyl groups can also be present in 2 Decenber 2002 3 the
form of oxidi sed hydroxynet hyl ene or hydpoxynet hyl groups. M xed
carboxyfructans can al so be used. Preferably, the nunber of carboxynethyl
groups is greater than the nunber of other carboxyl groups.

Car boxynet hy |dnﬂuW0191/:€M)5 The tddadvaRtge F efueh r}ﬁdduc@aﬁdoqwnmtamdré ruaIe'unor( CM }
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tenperature. Carboxylethylinulin (CEl) is disclosed in 96/ 34017. The
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The fructan ¢ ave been ed.to.a reduction 15 t ment
bof or ehand | ACBYGE CTRCPLY0 B PRtRER, B b e RBGRrREH S MrPechsst FOLL T ves
whi ch acdaer diitwg; high theehtravionmst cbfdnmdars e RouT\ee ratreﬂxlttdf coabHieK yR Ipkpylifes und ans

are, for exa fruc s.in t he ai n th has been enzymatically
ext ended, and@ ‘F‘P’E}f:‘ltalﬁaqgl%%rf’% %E&Q®3 ?’Wa‘%e_%{&g' to say fructan
derivatives havi ngus-s0ast 98eskidifidi galysfokhride2 @hdhORak6h, REIAMWE labid baYixgY a
nodi fi ed chain Ienﬂth 20 Fractionation of fructans such as inulin can be

ef fected by, Hplcsliulpsn a¥ propgsed angralednhifitorse Ay least spme gf the glupese dinggrin these

94/ 01849) , %bgmc&hamwweaammé@@%m\d& Rfvink3Rdfbimuigenbrane filtration
(see EP-A 44 74 and EP-A 627 490) or selective ﬁremgl tation wth

al cohol . 1Pri o BffyRPBIHEiAsOH RN heetdis FHeRHahE05HCPEH exedBdHe, be
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I nvention after ﬁ%@ﬁ’aﬂfyﬁéeﬁk‘&ﬁh IIB{‘th@HSLd fbr ImﬁIb%c?Q%eh%thr chPé BRI in oil A

car boxynet hyl fructan can be used formo urified substance, but
use can al so gb%exmd@orbfrantbfemﬁte@hﬁmm ogpqu@cybpwmmngomlm anddothierraathoky- by
car boxymonny lblffl. FREAL HRAL! derivhivel 3P 82 Qod U RN AN oD UE! oS,
such as glyco Ic a g yco Ic acl ave no adverse effects on
the action ofdegrhdableNnd aﬂetnonﬁoqmslso,blhear pedfomanes isget affeCteHéyﬁheemesame@fir@ut

al so of a sal s such as the sodium potassium or anmmonium salts. The
concentration of carboxyl-containing fructan, in particular CM, in the
process water islni ﬂﬁgem&emlﬁxbmnmmrﬂeﬁtoamdo 2dudepatl @p@smhmem@mly- and
in particular, between: 2 2 Decenb d 50.pp is als ossi bl e
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at least 1 part carbox ntal fructan to 1 part other agent
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formati on i nbbidsSasMR¥hulidne i nhi bitor can al so be i ntroduced at specific

| ocations in the_ process equi pment where extensive deposits are fornmed. The

i nhi bitor can al Yothiseontayteabesy-conaining Bucans arejindersiqad 19 by aeriyaiive QBN t om
of the oil wellanot¥el fcthd! fthdd Rlonfafeis NdM- g”%ﬂﬁ*%%&uﬁi%?%dr&ﬁ%é QiR phere

the inhibitor is introduced into the roc i'bitor” precipitates

and/ or i $0adertipdar, hy detieativorantainsahleast f.8tchrboxsd grasips pir anh)rdeofsmfom wiifehe
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carboxyethyl dicarboxymethyl or carboxyethoxycarbonyl groups. These can be obtained by

etherification of the fructan in a known manner. The carboxyl groups can also be present in



of scal e inhibitor has been used up and the process is repeated. The
application is not restricted to oil extraction at sea, but also relates to
" other extraction processes where water is used as a di spRdessmber 24Ent, not
only at sea, but also on land. 15 Exanplg 1 The scal e-inhibiting action of
CM (DP ~ 10) was determ ned for calci umi car bonate. A saturated cal ci um
carbonat e sol uti on was prepar ed by mxing a calciumchloride solution with

a sodi um car bonate so Wit h maxi m quant,ity of cal ci um ¢carbonat e
to be forned fa ?Tﬁ’f 'Sedl yﬁfj’f‘lmﬁpﬁ%“en(ﬁ/hgyr&‘ﬁ? H‘fl %/‘EB’F Mped 5 $*%he

sol ution. Theaprls@fbetdaai AefSrablyit 1he Mudsr aflidibdxgthetn®l dups angredidteth&okhst i on
was then set on one side at 75 C, _w th shaking. After 20 hours the sol ution

was filtered PRPESEAthE ppboxd g@&ﬂ%lCFEWI‘EP“%YHB“%@MHF%P%WP%BF#%P of the

filtrate was det eaﬂ%fs%&hymﬁmqemwlm pishst oL 3. bnstcﬁgcldé@cﬁlmbogshabwmﬁn the
basis of the calciumvalue for th gﬁrl ment wi thout inhibitor (O percent

i nhi bi tioA) ahtheerisledy) \ermaest ¢l l!l'é%@c |3(§W%bpmr5ér§2pittlsenr@awé§?>’fr%ﬂcwﬁho( 100
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DS = 1. 088l Omoxmhyﬂmmu@mm)@ﬂ diRddspd em ;W@t%/MBODGK)@OﬁmEnanpf mulzn 1Shé0r
scal e- | i b LLOGACKLAR.Pl G oiPFhan, 400 wWsiskey MRS Jobasal Bl

sul phat e. dra cal cium su e sol‘ation
cal ci um chl Ordmdtbo&}mhuhln! PahHvantd Ve %mmm@@bmuwca) slalthé taa ,of\rmxdd carbmu)dl mum
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adj usted to (pefembly) theethsolajtro@id. was t hen left to stand at 30 C. After 20

hours the sol utiﬁq wasbflltered tF’g ugh a Red Band EIH ﬁn? H%e ca‘_gcl um
content of the fil rAPQXAEONALING fTUFH 18§ . anTiR¥erags i5fin ofengthe PI5F t
cal cul at ed oRpolyieridaasi, PPYbf dtheasccr kising & Ab@htUH)OOfP&ﬁ&b@fxﬂx@rabéfﬁ}ltchmiléh@tht
i nhi bitor (Owgé cent inhjbiti o?%%ﬁ{d t he cal ci um val ue at CQ‘
preci pitate K51 BPRASACOPAS WPk CUATERR BPHINBIH) DavERPel sybigled tRE STt s as
speci fi edsi nutable bdforchandlidRiRr @ réMtNelbducPB gdupdl 1 ng/ Ll nhibition with 5
nmg/ Linhibition with 10 ng/ICM DS = 1.011.7/77.890.5CM DS =
2.023.190. 093. oPMS’étfﬁéﬁ%‘ﬁ%@ée@ﬁvveee’éﬂejpeﬂcvé&gytpé’fﬁ%ln&%@wmg comysrted oy anpl e
3 Exanple 2 (&BbSh &?ﬂ;ﬁ%&%ﬂh%efﬁcﬂaﬁl pleNHhRiahd GR)wiiers tmeeeﬁﬁﬁ qgl_ﬁﬁ?ﬁﬁﬁl%cnShat

e

the solution was 'f red after 7 days instead of 20 hours he results are
speci fi ed i nerzBlaticaly epgnded, and fructan hydrolysis products, that is to say fructan derivatives

having a shortened chain, and fractionated products having a modified chain length.
20 Fractionation of fructans such as inulin can be effected by, for example, low temperature
crystallisation (see WO 94/01849), column chromatography (see WO 94/12541),
membrane filtration (see EP-A 440 074 and EP-A 627 490) or selective precipitation with
alcohol. Prior hydrolysis to produce shorter fructans can, for example, be effected
enzymatically (endo-inulinase), chemically (water and acid) or by heterogeneous catalysis
25  (acid column). Hydroxyalkylated and/or cross-linked fructans can also be used in the
method according to the invention after carboxyalkylation and, if appropriate, oxidation.
The carboxymethylfructan can be used in the form of the purified substance, but use
can also be made of the technical grade product obtained directly by carboxymethylation.
Specifically, it has been found that any impurities, such as glycolic acid and diglycolic acid,
30  have no adverse effects on the action of the CML. It is possible to make use of the free acid,
but also of a salt, such as the sodium, potassium or ammonium salts.
The concentration of carboxyl-containing fructan, in particular CMI, in the process

water is in general between 0.5 and 200 ppm (parts by weight) and in particular between 2



6 Table 3 2 Decenber 2002 Inhibition (% with 1 ng/1llnhibition (%9 with 5
mg/ 1l nhibition (% with 10 ng/ICM DS = 1.05.281.087.3_ '7 CM DS ...0 8.0
' 92. 4 93. 9Phosphonat e2. 756. 986. 9Pol yacryl ate 4500 ~5. 3 | 88 Decéi@ber2BRanpl e 4
The scal e-inhibiting action of CM (DP ~ 10) was determ ned for barium

sul phate. A 5 saturated barium sul phate 4ol ution was prepared by mxing a
barium chl oride solution (380 ng/1l) with a sodi um sul phate sol ution (3350
ng/l1} ina l:1 ratio, with a maxi num amount of barium sul phate to be forned
of 210 ngJdl . arfs 50gppiy. It1iS alsy possible tbSserppiitures ofi thkhdaldiok plrconamnirpdidetin tund ¢ther
solution. The

H.of. t he | ut.i on s adjusted to 5. 5 by addition aof m
acetate buff %CFB('T%I?%O%S“S%% ﬁwaé;(t,yé%q%(gp?‘%%pﬁ%?eg’tpéefgrﬁglyég grage I(;:%?‘Tagqaf)@% d per
100 m ) per ddiébxyl-confdiing frucad tatli part odrsadehien | eft to stand at 80 C. After
10 hours, the sqlutio Jiltered suction through a 0.45 pm M1 Iipore
filter and the bdali Eﬁ‘?'recgﬁ’lsbétﬁf ‘th th"lfﬁ%/q K F%?t“@t%dd%%é’fegﬂﬂédge? eAMg; on of
t he i nhi b§t oform@fonCial isl wdye d'he NnkibitorRas lafo Ve hfQIUBE hiusPeAd WRatldRE it R
experiment wi thout inhibitor (O per cent inhibition) and the bariumval ue
at whi ch no POesss pRuipment wasreresientive depoptsses fopaett The mbihiter e plso Préisetul ¢ s
are given i nedigRhdusky: intbthd AR oft the'Bortint bOthe L¥well Yot HurdleP RERHiquUe Q9 e AL
10 nmg/ I nhibition (%9 at 15 /[1CM DS = 1.0, DP = 10 JI 5.027.557. 5CM DS
= 2.0, DP = sargzg)oEchigeonwhens the dnhgbitopps Sntp@Roedsirgo 0he opekntiip Hokipt¥nat e

( DETPMP) 18. Og’rgciﬁﬁes%nd/o?is%&ﬁmy 0o Wio%ﬁ@% &urse ¥ AR lsﬁﬁé‘ie é&%’%at ed,

with the exceptlion that the bariums ate sol ution contal ne /'1 of
Fe2~ i ong0 Tiekeasedyid desoratien igjiovdsn ta preveatyicale Sormstichabifier Hfewrhinistthegrse(Mbr at 5

ng/ 1CM DS = R = ~ =T ="' . Q, = e
"B0. 5Pent aphdsERSAIN I B CETBURY Fhibe maseernfl g Ty weliign 467 o1 s
restricted to oil extraction at sea, but also relates to other extraction processes where water

is used as a displacement agent, not only at sea, but also on land.

15 Example 1
The scale-inhibiting action of CMI (DP ~ 10) was determined for calcium carbonate. A
saturated calcium carbonate solution was prepared by mixing a calcium chloride solution
with a sodium carbonate solution, with a maximum quantity of calcium carbonate to be
formed of 95 mg/l. | mg/l or S mg/l of inhibitor was added to the solution. The pH of the

20  solution was adjusted to 10.0 and the solution was then set on one side at 75 °C, with
shaking. After 20 hours the solution was filtered through a White Band filter and the
calcium content of the filtrate was determined. The action of the inhibitor was calculated on
the basis of the calcium value for the experiment without inhibitor (0 percent inhibition)
and the calcium value at which no precipitate was formed (100 percent inhibition). This

25  gave the results as specified in Table 1.



Inhibition (% at 15 ng/1 98.5 99.0 34.5 . . _~S., 2 Decenber 2002 8
Clains 1. A nethod for preventing deposition of scale in oil extraction

" using a pol ycarboxy conpound, characterised in that a calBeEcghba®d02i ni ng
fructan that contains 0.3 - 3 carboxyl groups per nonosaccharide unit is
incorporated in the process water, in th® process equipnent or in the
oil-containing formation. 2. A nethod according to Claiml, wherein the

car boxyl -containing fructan is incorpoia]tjeq in the process water up to a
concentration of 0.5 - 200 ppm preferaB K‘? of 2 to 50 ppm 3. A nethod
according to ClaimI or Z, wherein|the carbox I-IIcor;&laLl_tm nl fr ﬁCt an contains

at least 0.8 carboxyl group per nomoSHUPKQRMAE i {nhibjtion od accordi ng
to one of Clains | {4 3, wherein thé car I -cont ai ni%ﬁg/fruct AN cont ai ns
0.7 - 2.5 carboxyrret%ﬁj{lﬁgups per [monosaccharide unit. 5. A et hod
according to one of ! =19 4, wherei #8t he caf boxyll-ogont ai hing fructan
is a carboxynet hyli raM ayi ng an{average degrege of pal ynmeri sation of 6 -
60. 6. A nethod acco Igb&f Oone of d aij 1 - 5, wher'®n the'scale
conprises cal cium bariumand/or sirontiumsalts, 7. A method]according to
one of Clains 1 - 6,?%@%?%4? s¢al e cpri ses| carbdfdte ang/or sul phate
salts. 8. A nethod according to one of Cains 1 - 7, wherein the scale
conprises irgon salts. 9. A nethod according to one of Clains 1 - 8, wherein
a product obExAmRleE 24 rectly by carboxyal kylation of a fructan is used. 10.
A met hod accpledical-ihRbRng aBfiorbRENE (BP-~ 30) WRel&irhifdPuf bfidi@f sulphate. A
carboxyal I rylfructan is used. 1 I . A nmethod according to one of Clains 1 -
10, wher el n’ et salgiameulphatesselifign sas prepgredby miginggRicnmn phlp@e selufiony cy o
_ @ " (qXUagj ith a sodjum sulphate solution, with a maximum amount of calcium sulphate to be formed

b| wr mhc”Y] ca] ca] ca] ca] cal ca] ca] cal ca] cg‘Lpa] cal ca] ca] ca] caj ca] ca] ca}ca] caj ca
] ca] ca] ca] caqfdQjoea | ey Taed a1 Eamyh whibitor was added to the solution. The pH o the

" """"#*$ ) 'K X N . our

ai cg] ca] ca] gseéﬁg%f (I:&a 3@?%%?@;}@%&%%&?%@?&5?%@?5&?]é%ﬁgt?]gg %%Tczégcaf cal X'
(Z() d)) *** * the-Falutign wzs filteredvihrgugh 6 Jd Baad Gilter arglohtaleiw apwert]of ieddlraa) ca] ca
U ca] ca] g@fg&ﬁﬁ%@@%@g]ggtgclyco%hfe%ﬁﬁlo‘%Méﬁl&ﬁ*&t&aénctﬁi ERLSAhe Ahgahcalgal cal

1"00112
?/ 71 7[ 7e7u7witigeigRrifnent witox ohibiter] ©@ajec ednt fhdifiaa hodithe alciahoalue al whikka) ca] c
] cal ca] cal o] Galleal Gl SHeal i) SAbGRISRYAFHO P GACRE ieviisids specified in
7171 7] 7e7u7wiabl82199: { vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a]J ca] ca] ca] ca] caU] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] caCg/ a?! 1&F
Z"10% " & ()-.!'6F&F Z"10% " & ()-.!6-&F
Z"10% " &1{)-. SMLO% & ()-MLO% & ()-s!10%aBle@)-/! T: JJ xWs! D- & Z" 10%‘"&' O-.

; &F 7" 10% " &—6&FZ10W&{F—6&F A 10U &1 6&—Z10VE=& - . | 1&F

Inhibition with Inhibition with Inhibition with
1 mg/l 5 mg/l 10 mg/l
CMIDS = 1.0 11.7 77.8 90.5
CMIDS =2.0 23.1 90.0 93.0
Phosphonate 359 87.6 89.2
Polyacrylate 4500 29.1 89.7 92.4
Example 3

Example 2 (calcium sulphate scale inhibition) was repeated, except that the solution was
filtered after 7 days instead of 20 hours. The results are specified in Table 3. —
20
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Example 4

The scale-inhibiting action of CMI (DP =~

10) was determined for barium sulphate. A

saturated barium sulphate solution was prepared by mixing a barium chloride solution (380

mg/l) with a sodium sulphate solution (3350 mg/l) in a 1:1 ratio, with a maximum amount
of barium sulphate to be formed of 210 mg/l. 5 mg/l, 10 mg/l or 15 mg/l of inhibitor was
added to the solution. The pH of the solution was adjusted to 5.5 by addition of 1 ml acetate

buffer (13.6 g sodium acetate trihydrate and 0.5 g acetic acid per 100 ml) per 100 ml. The

solution was then left to stand at 80 °C. After 10 hours, the solution was filtered by suction

through a 0.45 um Millipore filter and the barium content of the filtrate was determined.

The action of the inhibitor was calculated on the basis of the barium value for the

experiment without inhibitor (0 per cent inhibition) and the barium value at which no

precipitate was formed (100 per cent inhibition). The results are given in table 4.
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Table 4

Inhibition (%) at | Inhibition (%6)at | Inhibition (%) at
5 mg/l 10 mg/1 15 mg/l
CMIDS =1.0,DP=10 15.0 27.5 57.5
CMIDS =2,0,DP =10 78.0 96.5 100
CMIDS =2.0,DP =20 82.5 98.0 100
Pentaphosphonate 18.0 38.5 55.5
(DETPMP)

8 () -

10
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EnLQ%gEE)EC ma% A3 /& one (( %%%56748 wherem the carboxyl-containing fructan

is a carboxymethylinulin having an average degree of polymerisation of 6 - 60.

6. A method according to one of Claims | - 5, wherein the scale comprises calcium,

barium and/or strontium salts.

7. A method according to one of Claims 1 - 6, wherein the scale comprises carbonate

and/or sulphate salts.
8. A method according to one of Claims ! - 7, wherein the scale comprises iron salts.

9. A method according to one of Claims 1 - 8, wherein a product obtained directly by

carboxyalkylation of a fructan is used.

10. A method according to one of Claims 1 - 8, wherein a purified carboxyalkylfructan is

used.

1. A method according to one of Claims 1 - 10, wherein process water is seawater.



