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7.5 ml% 5 1t is an object of the invention to provide a nethod for
reduci ng the water influx in production boreholes w thout reducing the
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conprises introducing an anmount of a polyner solution into the deposit -
starting frof€8AI®borehol e - and crosslinking said pol yner sol ution
underground. 15 The present invention therefore relates to a nmethod for
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effective only in the case of relatively low permeabilities, for example in the
case of gas probes having permeabilities in the region of a few mD
35 (millidarcy).

WO-01/49971 discloses copolymers and a method for water blockage
using these copolymers, which contain structural units of vinylphosphonic
acid, acrylamide ard, if required, also AMPS and N-vinylformamide, and



WO 031 033860 5 PCTI EP02110683 C) from 0.1 to 10% by wei ght of structural
units of the formula - CHZ - CH (Il!') | R-NCO R4 5 in which R3 and R4,
-i'ndependent|y of one another, are hydrogen, nethyl or ethyl, or R3 and R4
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crossl i nki ng7 &geot®%of the copol yner, which 20 crosslinking agent conprises
at least one zirconium chromum titaniumor alum num conpound, and then
putting the borehole for the recovery of mineral oil andlor natural gas
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conposi tion ORNP@B-copol ymer whi ch conprises structural units A), B),
C) and D) as defined above and at |east one titanium chrom um zirconium
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to 3, %by weight. 25 The nol ecul ar wei ght of the copolyners are preferably
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are dori ved. STHEISTTE AERadRs; Firt e TElbe o) 2t fan grarse
copol yners. abelevated deposit temperatures. This point can decide the cost-efficiency
of a treatment. Deposits having temperatures of > 80°C frequently could no
longer be economically treated.
25
A further advantage is the possibility of specifically selecting a polymer
which is limited in the lifetime of its effectiveness under the planned
conditions. Often, the effect of a treatment for modifying the relative
permeabilities of a deposit is not known and initial treatments of a source
30 are experimental. Such a treatment changes the entire liquid flows of the
deposit. This has wide-ranging consequences for the formation of deposits,
corrosion or the integrity of the formation. Where these results do not give
the desired effect, it is desirable to be able to reverse the result of the
treatment. A treatment which becomes ineffective again after a short test
35 phase is therefore very advantageous in particular for the experimental
implementation of the method.

The method according to the invention must not be confused with the
method for the tertiary recovery of oil, in which a polymer solution which



The copol yneri zation can be carried out by all known pol ynerization nethods
inthe range frompH 4 to 12, preferably from6 to 9. It is preferably
-carried out as a gel polynerization. WO 031 033860 7 PCTI EP02110683 The pH
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hydr oxi de, sodirum Carbonate, sodi um bi carbonate, potassium carbonate and
pot assi unbbi paedustione borehalesi LihearMmpeniss dntipdussdatase 06 thee order of

pol yneri zati gRadrififie! @NtHeAVolbfhd BF thef@thationiloly GRRNGIoWH afHtrsuipaseti ¢ or
corpuscul ar radiatjon or by suBstancef? whi ch {rcgasrmfree ra(ill cals. . .
Accor di ngl y, containipoavalsr imeuch dners-eifetiveJeniis Feeovgrymathod,sincediiSounds,
such as, for mgyR"AssOUsBEANE deposikiwater. al kyl hydroper oxi de, such as, for
exanpl e, butyl hydroperoxide, cunene hydroperoxide or p 15 nent hane

hydr oper oxi de, di al kyl peroxi des, such as, for exanple, di-, tertbutyl

per oxi dej0or Theongthod goeordingyiouthesinventitn aghich @imexiantedeiceptiteawsiterm
persulfate Orinfﬁmmﬁ' ﬂmpp(féﬂfibhakg?@é]qnm{ﬁé O&ﬁﬂ%@e&fjéirg?uctfﬁhd dophuisor e
azo conpounds, "such as, Tor exanple, azobisisobutyronitrile,
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conbi nati on wth reduci ng substances [l acuna] are sodi um pyrosul fite,

sodi um hydrogen sul fide, thionyl chloride, ascorbic acid or condensates of
f or mal dehgde Tid preserntoinvention . thEnefope | netates ziat isomethodpéort reduacng yor

advant ageousl y b rei i.Lh. f ni finic
25 aci de. ar GOMAEE Al ARARHb kDG SToMert e gEt s Budiuitn
exanpl e, in [hBréBolelbgeimtroducing fintot this nberehkieovan tdgmeous selupor sofblae t o
add to the p i i nmounts of so-called noderators
whi ch harmn?&%@&d&é@”ﬂ%@oﬁiﬁ%ﬁﬁgﬁ@ﬁ%@ ction in such a way that they
flatten the reaction rate-tine diagram They therefore lead to an

i mprovenent iA) t heqg eBos e Wightiof stiuctial tiRCof ths femsuiahus permt the
preparation of uniform products having extrenely small quality deviations.
Exanpl es of suitable noderators of this type are nitrilotrispropionylam de
or hydrohalides of nonoal kyl am nes, 35 dial kyl am nes or trial kyl am nes,
such as, for exanpl e—diGHRYLawgg—r¢drochl ori de. Such rmdgp)at ors can al so
advant ageously be used in the prlepar ation of the copolyners’according to

t he i nventi on. WO 031033860 8 IPCTI EP02110683 Furthernore, so-called
regul ators may be added to the [§EPNHeri2zR?i-om$QsMets; these are those
compounds whi ch influence the nol ecul ar wei ght of the polymers prepared.
Usabl e known regul ators are, for exanple, alcohols, such as nethanol,

et hanol , propanol, isopropanol) n-butanol, sec 5 butanol and amnyl al cohols,
al kyl mercaptgRshicguch as, for exanple, dodecyl mercaptan and tert-dodecyl
mercaptan, isopctyl thioglycolate and sone hal ogen conpounds, such as, for
exanmpl e, Z8ar b3n t e MErras efemettlor of or m and met hyl ene chloride. 10

Usual Iy, the Rdl yngrg,zelj-alRylehe@mdri €d out in an inert gas atnosphere,
preferably u%en ni trogen. The reactiSOIn cgq.be carried out in solution or
in inverse enVPsi of a5 ARMGNHE;5AN Ykal MEte! 9%e conditions of precipitation

pol yneri zation at 15 tenperatures of from-5 to 120C, preferably from5 to
100C. If wateg,i s soLVvent I ri i action, said
reaction take ) pl a@éﬁﬁiﬁ%%&ﬁ%ﬁ%té%@qgns@ghﬁg‘u%ﬁ% és%ﬁ%?@lflﬁti on of the
copol ynmer3d s obt ai ned. The reaction product can be isolated either by
distilling off the water from Zoclﬁﬁ-ab-luti on OreéP m xi ng the aqueous
solution with organic solvents whic re conpl et '5 m scible with water but
in which the copolymer is insoluble. @%Si tion of such organic solvents
to the aqueous pol yner solution, the r or copolymer forned is

preci pitated and can be separated fromthe |iquid phase, for exanple by
filtration. Preferably, however, the resulting 25 aqueous solution of the
pol ymer or copolyner is directly used further, if required after adjustnent
to a certain desired concentration. If the copolynerization is carried out
in an organic solvent, such as) for exanple, in a |lower alkanol, e.g. in
tert-butanol, it takes place under the 30 conditions of precipitation

pol ynmeri zation. In this case, the polyner or copolyner fornmed is
precipitated in solid formin the course of the reaction and can readily be
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WO 031033860 9 PCTI EP02110683 - 500 to 5 000, ppm by weight. The anmount of
the copol ymer which is introduced into the production zone around the

_“bor ehol e depends on the local conditions. In nost cases, it is from50 to 5
000 kg and p erably from200 to 1 000 per nmeter o reat zone.
As a furtherv‘@3 ﬂﬁﬁﬁ%ﬂh, t he pol yner sol*uti on may con%%h@épbﬁg%@§ nor e
“salts of alkeli nirbal 6.1a0 1% dyiweightof struvtiral anits of therformulaar NaCl, KO,
Myl 2, MgS04, Cad 2, Na2S04, KzS04 and/or NaN03, and generally of

chlorides, sulfates or nitrates of nmetals, such as, for exanple, sodium
potassium cal ci umor nagnesi ?{utrons whi ch conpri se sodi um chl ori de
or potassium 10 chloride are aﬁ% ed. Sea water, (m)r mati on water or
process water are particularly preferred. The salts of the alkaline earth
nmetals are |l ess desirable, in R N-oQOD RPN relatively | arge anounts, since
they may produce undesired precipitates, for exanple if the nediuntcontains
carbonates or sulfates or has a pH which is equal to or higher than 9. 15
The concentration of salts of the salt-containing polyner solution nay be
chosen within wde ranges. It depends on the nature and on the

concentrati o §p! c’g‘alt of the water of the deposit and al so on the nature of
the salt whi & drel Rf cndapendertiyefmeyamasthen!areihydro ﬁm’r trhethyi br ethyhatr

possi bl = Lo 80 K bl TR R B FhuB SIS gt ol g iR,

formations. Swelling of clay could lead to irreversible formati on damage.
In general, the viscosity of the polynmer sqQlution decreases for a given
salt if 25 the concentration of the salt ifkreases. A pol yner sol ution
whose salt content of sodiumchloride is hlgher than the salt content of
the water of the deposit can thereforeh@d nt ageously be used according to
the present nethod. 30 The net hod of |ntroduct|on of the polyner sol ution
is not npyel per se. It is possible to refer, for exanple, to the

expl anations_in US-A-3 308 885, | n gener.al the ressure rted on the

pol yner sol uferg AsP¥SFRlIdeAP JRdjcal @reW!tgr'"P'Hﬁﬁ’ntﬂ arﬂ%’%mpﬁ‘)&ﬁﬂ%ﬁm@'exerted
by the fl ui d%rnwglaapmlgtgaﬁspatdlmtam oil and hydrocarbon gas, in the
deposit, which is chosen for the 35 nethod of treatment (deposit pressure)
but which is below the pressure which |eads to hydraulic break-up of the
deposit or r&jchesfronod. Inor H % Herwsightiopstascturat units WXHESlodRBB60 10
PCTIEP02+§0683 In a preferred enbodi nent of the nethod, the formation to be
treated iS fl ooded beforehand. In a further preferred embodi ment of the

met hod, water, water in which al may have been dissol ved, a buffer

sol ution or a thickened aqueou T r solution in which additionally
salts may have been dissol ved |s |n rogﬂﬁed as th acer into the borehole
between the introduction of the @ and the troduction of the

crosslinking agent. 10 In a furtherlpreferred enbodrnent t he
above-described introduction of a sgg4er can al so or addrtionally be
effected after the introduction of the crosslinking agent. In a further
preferred enbodi nent, a | onger or shorter phase of inclusion 15 can take
pl ace after the introduction of the solutions of the copolynmer and of the
crossl i nking e b tion.
The i ntroductl ghgorpult’aq'feﬁrugr}é@ﬁhﬁbg @ oﬂnﬁ%raggg'g%%ﬁér E}Hﬁ‘b&héﬁ?g E’Eﬂtﬁqg so be
20 repeat ed |f®rnmty3rde<y’ rd@@oﬁtit ao§rmlok@90r89@ht eef tthe pppbhrmer, swhicbhed
back a9a2p| ty %r&ééﬂﬂldif\%;réq%et-%r rﬁ%E% IééstlQﬁr%Siero‘?ndrﬁ Eratiud, titfhi@Rtorzones

specifica I'n a ferred di men ortions of else the tota
pol yner / wat erdl4rginkn oMo, th%rpeam fhe bpeshale fRf e dgeReyeiior e

bei ng i nj ect gfinerd)®il GrelFe natkrangaeﬁntbt@era@ﬂrwer can, if required, be
elimnated by the action of certain substances on t he gel barri er.

Conposi tions which are stronger conplex ligands for the netal ion than the
phosphoni ¢ adlihé dnventiome farth@tnare delageutes af ccbrbcdymer ywhich awinprisesi zi ng
agent s) e i e hydr of | uori ¢ acid or
its precg§soF@U§ﬁgQF¥$odA? ?Z%ﬁﬁéjiﬁﬁa ﬁh suc as for exanple, EDTA,
have proven useful. Anong the oxidizing agents ersulfates, per bor ates and
hydr ogen per oxi de have proven useful. 35 Preferred crosslinking agents are
conmpounds of zirconium and/ or of titanium Chelates of zirconium(IV) are
particularly preferred, especially zirconiumlactate and zirconi um

gl uconate. The solutions of crosslinking agents are generally adjusted to
neutral pH with am nes, such as WO 031033860 11 PCTI EP02110683



di i sopropyl am ne or isopropylamne, prior to the introduction. The
concentration of the crosslinking agent in the aqueous solution may vary
"over a wide range fromO0.001 to 0.5% by wei ght, based on the zirconium

andl or titani ation. The concentration of cr ent is 5
preferably |W&m§%ﬁ fromO0.01 to 0.2% by wei ght, ﬁgb%@lj n the
-range from 0TBaSnventbnfrihgrmereielatestpeccarhpysition m:oﬁwpimﬁwg @ copdiythdry

ol it on ana ik Efafbes SRLADHIIRIR A BG) b RSO i Ahve, Apepa”e Y

buf fered in i¢ast cagditanivoychromiumm zirconhiunpar aluminam ¢omm>wnd5 to 5.5.

Exanpl es 15 The exanples |isted bel ow for the synthesis of suitable
polymers illustrate the invention but do not limt it. The abbreviations
used in the Wbewragslioxingrasntdsarafambly intresyred inta.tae foranation erdengsiteani ng:
Table 1: Abbipgur fd &polytper 20 AM Acryl am de AWVPS

2- Acryl am do- 2- et hyl'propanesul foni c acid

NVCapN- Vi nyl capr ol act anNVFVi nyl f or mam de25

NVPN- Vi nyl pyiR®ols geafelBANEMCralkyheregt bartigakarignpritaf@Bl 0lalkylendomhe aci d

Ex le 1 30 I ti 5 f Kk ini
errﬁlrrgi 1? ier bgé’&g&@ ﬁn@é)yé{!)ﬁ Iﬁg%aelci’g%é%gy g%‘%f\(?@{i Wa%%%lﬁagl nIS(p:)an
80 (noni @i c neethylpropanesolioric acid AAMRR). Tdlec obpdlymiee prefesablyeomptisesol ved
e o I g o OB oA, 4L
into a 1 | rshueiusal unitssdgrivignfram Been provided with a sti rrer

t hernoneter and a nitrogen inlet. A nononer sol ution was then prepar ed by

di ssolving 5 of acrylamd 2 AMPS a WD 031 0 386

st epo210eg eSSt ity B, 568 sefrallieaSoum a0 AoR el BTiarer  The
pH of t hé5nod@e by weight, impavisulad frost §do Y0%SbH waighit, mnterdopol(y?béh st r engt h) .
1.5 g of NVF were added to the nononer solution. The agueous 5 nonomer
solution was added to the organic se with rapid stirring. The reaction
vessel was e\}aomfaa'edatrdlctuwmmts ng?a“mmmRﬁlambgén@gemher eafter, a solution
of 0.0275 g of ammoni um persulfate in 3 m of water was added to t he

m xture and the pol ){marlzatlon thus initjated. Theo reaction |asted for 1
1'/2 hours, dt® ¢qpolyragrpreferabbhermatispsirarso. @éat%tbwwgghson particy@ar The 10
result igoa B B BYShPWeldht Cof struetlral umiteecy.ed in water in a manner
known per se with the use of comercial surface-active agents. The
resulting polynmer solution had a k value of 161. If 1 m of a 3%strength
titani um acetTdiesstructumab onitsrD) ace prefesably present i dmoadiseaf ftam D0Dtod, iof a

0. 6% st rengt No ol ymer, a highly viscous sol ution
formns. Exarrpl %ﬁ%rt?'lcdoﬁtt%g’r frré}llwzé? I-|Hon) 20 In a polynerization reactor
of 1 liter capacity, equipped with a cover having a plane-ground joint,
stirrer, obhe mcﬁécmaﬂv@ea@hﬂ Bt $he (cpBiymiersIarl phBRDIP o 500 | N 400

of wat er, wer e
g 2: 0 g/mol. Particularly preferred molecular weights are from 500 000 to

107 g/mol, in particular from 10° to 8:10° g/mol.

In a further preferred embodiment, the structural units A), B), C) and D)
30 sum to 100% by weight.

The copolymers are obtainable by copolymerization of the compounds from
which the structural units of the formulae I, 1l, il and IV are derived. The
copolymers are main chain copolymers and not graft copolymers.

35
The copolymerization can be carried out by all known polymerization
methods in the range from pH 4 to 12, preferably from 6 to 9. It is
preferably carried out as a gel polymerization.



25 and neutralization was effected with amonia (25% strength). 23 g of
acrylamde and 1 g of NVF were then added. The pH was adjusted to 8.5 and
“the reaction mxture was heated to 70C with stirring and introduction of

nitrogen. 30 aqueous 10% strengy h di butyl am on and
0.1 g of ammwmﬂ fate were added.g}The reaction F’&ﬁghoig{d@aout 30
.m nutes, theThenpdriatexpedientiyeadjusigdt osing@lkdine salts of @tkali wietals, bagane

i soous. LL MR IFAF i finated Mt et kbR G Ao iorld o,

(Gel pol yner pr trialkal) metmmmmwhaﬂl PEtalERezaXides 3ammanip o prganigat i on
flask of 1 I |
ask o H%be the f\gf@?t {hu@efé‘ﬂvﬁr @%@geﬁ Ql'k?f‘ﬁaﬂﬁgulnﬂa yoint,

stirrer, thernD er an sol U repared by

di ssol vi g 55agPasr ataMms/ 108 VQéOX}@ﬂM anchat Jeast enedob thyy sadjpalsnR> eg'sOf

water. The pHoWps h dtdg@hed Fréfetred \’Vbhge@m‘l@rn' adjudidg SthengHn) -ard. Eth@ of NVF

were added to,the So|. Einally us 10% s

G but 31 am neaheyemntionesh Al et o liis i ReLeLe PRI Y EORes dded

}M t hhst | g ri ngotaa'séumtrryddmde,oaoﬂmnﬂlcbrmmte, Sodium hicanbsnatenpiotagsiurhor a
rther m t tiaon_of. ni ogen

i gt roduct i On@a&&r{%@%ﬁ?ﬁc@%s%@ Pt?%ﬁoqﬁj%ea@nﬁg@yﬁ %é&q%g?%s-[ﬁl tg%r%{e ‘gll'he

pol yrer i ¥t i dhest potysterigation areaatidnct ican t bee dfitiatedut bg0 high-endrgy

tenperature 'efé%ir%@fé tJﬁrcR’?To?@&édP ar’ Bldid i %rhﬁ)é §Bb§{’ah8|8s Wiﬁ;wg&ﬁw frabo a 15

di nensional ly sta subsequen atin 60C,
the gel was E=icalg. tAﬁqoaéinglo/erﬁs@tﬁalaJrR@Iyra@rﬂ.zﬁtmt érutlaters eaieaﬁtgawqmu The K

val ue was abegimpéfifds) sudh &k, fa‘r ékapi& beh2s\Widerealet ARyl WdréPéFd%Hélm
acetate is added to ,200 f"lﬂ? 5% strength a ueo sol u a highly
o tous thi aSURR e b exBmpfer: Suth PO KR S ehmBE VHORSIHAS P 481 ans 25
| nfia pol yﬁgr menthame hiydsdpeodxide, diakkyl pam«detsysuemaspfmdexralmﬁesdl -J tegt-, f
refl ux conde pi n S /5 go
PS ang 1 e BABH: pbRRIIE TBF ShorddrBE bl coliRfinaS S 4 for EXGpel
neutralized wotasswmmarwlfate.@r @rmagiumt pesudatesand bydragienpergxioe, aody| ani de

and 19 of NYfusfor deierodpblihds, SSloH beior Wiahets, sdgigeapityfatiRsluct | on

of nitrogen, the nononer sol Ution was heated C an
azoi sobut yr o4 1a2obisigramidinearopane) fudjeehiendg .%@Zﬁbﬁwwtmée alt 185

i nductiopgti @avaﬁtageaug [Iédﬂmd]eiﬂ@éléfgdrﬁdm@r ghoF mdwps@:a&%h;&&rﬁﬁ,c iand t he
pol ymer was pr 1.t ated %J W%ﬁtcontl ued or a further t 80C.
The” copol yime ORISR e, FERHae SUtataidRm A unelotes (SoH dPUPSHEE
However, it |ssdmln$dny¢mge|nb$wﬂde1 tHiostyl thiofile; Bscarbicvacitl aiti condiehyates dxfr
r educed ﬁzﬁf& 68 bt ai ned
in the form %Qé lﬁntﬁ)ﬁ}hﬁg%er Wm%(rzlﬁ 3 @so?"zag rea%'?lnslérrt]'%w%{l r and
had a k val u@dgantgggously be carrled out with the use of Mannich adducts of sulfinic

25 acids, aldehydes and amino compounds, as have been described, for

example, in DE-13 01 566.

It is furthermore known that it is possible to add to the polymerization
batches small amounts of so-called moderators which harmonize the

30 course of the reaction in such a way that they flatten the reaction rate-time
diagram. They therefore lead to an improvement in the reproducibility of the
reaction and thus permit the preparation of uniform products having
extremely small quality deviations. Examples of suitable moderators of this
type are nitrilotrispropionylamide or hydrohalides of monoalkylamines,

35 dialkylamines or trialkylamines, such as, for example, dibutylamine
hydrochloride. Such moderators can also advantageously be used in the
preparation of the copolymers according to the invention.



The copol yners of the follow ng table were al so prepared according to these
four procedures. WO 031033860 15 PCT/ EPO2/ 10683 Table 2: Summary of the
"conpositions used for exanples 1 to 16 N Od EOi X_ , FurtherFurtherkO -
AMPS AM VPA S additives Metho

val ueNo. 1A42%0ﬁ opal Enmul si on160N“100, S an PCT/EP02/10683

) 302(83;5%?%.6%Fansermbne;r%&aanfe&&égulaﬂors-myzsaw&aﬁlomeOpwn%&aﬁamn. 31.
Do ect i - 10 BAlhER o 8T8 RBRERNER AR inhlieitede Sragdil Wit 31 ©-
8?1(();:3;%3&“/ 3op. tBegpdﬁ/melmn?f_EEatGdsi Uaableanom@IatoreB@t%L%Oesagmla 030205
01, 0 - Gl 251 PEHDY. aof 25 tneffngf Pl Hordnor sdprBEai! o el Be! B U0
031 0338605 16 brtzmokrod annd @icaholgnsliyl Drerraplaasasiainas, cfpr awnplepn@dewl ation
of sand packigyy 8éﬁt'§hsa69rteﬁf’aﬂ @ﬁhﬁ@eﬁgtgw ngowwyfméglyb@lﬁteaanwémbe 5

This test nmethod constitutes a si

0sit The radi al
di stri buti onhgfogest e‘FC?"ﬁPO‘é.'FQﬁm(fu& dr3$ ifRg 6?‘% eoaqurh% B%tr%‘g]%r ®d. It

serve for scihpibfosmansnetngenalonierideepr oduci bl e conditions. This method
has been used for testing and conparing the treatnent nethods and

subst ances according to the invention. Conpared with core-flood tests, 10
this methdd husuatife thel\poiyragrzatidnais icamied raut eineasi ingrtr gps catowisphere,t he

materials ar ! | abl e, the desired perneability can be
%r%@?ﬁg%gh%} Pﬁt@j@g :

freely deter I'S reprfoduci bl e and, by nmeans of the length of the
packing, it is possible to sinmulate a |larger radius around the probe than

by means of qeeerdddion E&8lse cHaﬁe@Qimarnab,biulnbM wtim ifpérgef ém@%léresdrs was
confirmed by 15 co aratlve rre surenments. Procedure. for sand ggt(l;kln tests

This exanpl e SYERENFIBRs OF HeNGR R t!ﬂ"SsQﬁoPrESW?Hﬁnt%%'Y@ef' o))
char act e15zi ngmpBhtomsesf frbm. -5T tee 120D aprsfer@ablyafrdnc 6rtdi 10090 nHwateraissand

used as a solvent for the polymerization reaction, said reaction takes place
in solution, and an aqueous viscous solution of the copolymer is obtained.

The reaction product can be isolated either by distilling off the water from

20 the solution or by mixing the aqueous solution with organic solvents which
are completely miscible with water but in which the copolymer is insoluble.
On addition of such organic solvents to the aqueous polymer solution, the
polymer or copolymer formed is precipitated and can be separated from the
liquid phase, for example by filtration. Preferably, however, the resulting

25 aqueous solution of the polymer or copolymer is directly used further, if
required after adjustment to a certain desired concentration.

If the copolymerization is carried out in an organic solvent, such as, for

example, in a lower alkanol, e.g. in tert-butanol, it takes place under the
30 conditions of precipitation polymerization. In this case, the polymer or

copolymer formed is precipitated in solid form in the course of the reaction

and can readily be isolated in a conventional manner, such as, for example,

by filtration with suction and subsequent drying. Of course, it is also

possible, and in some cases preferable, to distil the solvent out of the
35 reaction batch.

The copolymers are introduced in aqueous solution into the formation or
deposit. The concentration of aqueous polymer solution can be chosen
within wide ranges and is preferably from 50 to 50 000, in particular from



packi ng test are described as well as the procedure for the RPM | aboratory
treatnent and the evaluation of the data. Preparation of the sand packing
-25 The sand packi ngs which were used in these exanpl es should sinulate the
~porosity or [ LLi of the deposits jn which the IS to
be used. By Bglpnr@g’ghéééges of sand fractions or m xtur ?&H@H&%?

.possi bl e to 00aldi5000heppebyeakidhtt heeamanti of tecltopalymerTwhiahals si ze
30 distributi; f r [ ' e sand
packi ngs. are A, B8 e FREHAH Bng 35Ethe BEreliciR HeBbHIR (B uis"

Tabl e 3 Si ze ldcaltcangitionsadnonosheasemdt is from @ﬁstOf 61000nkg mndpprefenably of
sand packi nosrorsando’ i A0S pefl Heibwr! B Il S, I 2 JanABC300 -

1 180 nD150 - um5|na Itron to these cormermally
avai | abl e5sarﬁ9m%ﬂﬁﬂtoﬂ§ P‘P'V"\%§°b’c§'§§| lif2) QOBWRFISGOQR,%% marecsaltsiof alkali

g;‘g r:c P;g 't Iogﬁnétélélﬂrrﬁlk@lfﬂé béftpgﬁaeealevw pghtcuga;:srgagﬁwm ervlb@(laz?rrnggs@gl I : ggr
whi ch resul te(ga&%o&n%?aﬁéﬁkﬁgb g{q@}?ﬂ@'\@ gﬁg eg&ngrql Yo C'ﬂgﬁg k‘%sr eof

are to be foumthitratesadf metals Esiwm!aasfooiaxala'ipwewdldmﬁbdwsémmfcal@umeepondi ng

oeeral £ of gty P5hEhehRbhich’ Bhker i, BABRAE AP BoEbaM,| 000,
of E4Anbd0 acthl@ide apg pveleresi B8a u\fate)lzforree%tbmamr RoYprocessl Materdare Nort h
Sea 15 Usual | arn&hlﬁrlga&%f&?@d" e 8hlfs Rffoﬁ’réﬁ%ﬁkéh'ﬁe%QAr”HétélEag ?s% st eel

capill aries havi lr;g I nter naI Ianeter o I nch tate unmes
wer e cal cul atdapii@diendn particular iggelalively larga aRsints5inee ﬁﬁYégaprrqd‘L‘PQn (5

ft) each wer q:my?éat;ﬁ@ctp)taf&aﬁ@r @f(ambfwﬁéthd rﬁt@@mm @&snféiri?s cadonatdsLyr uni ons
to glvea45ﬁw@415 f}t1 Ier|l_ﬂ nd vverg OWﬁ inch-to-'/4 inch
fittings R4 %%ém 15 £HALIPTHI 9 ‘ol | owi ng standard
procedur e The appropriate nunber of 1.5 msegrrents of 318 inch capillary
wer e provide el L t The
end of the paliy FanGRiraftEof 4R oF e SERUOHELANG, Al 33y iohindihe 110
in front of 2®QSI$B Ivithin nwrdeerranges\/\m odepengs m dbei natuse gndepnsthere
plate was ”Dg%ﬁrf'dén(r%hﬁﬁroff%‘aﬁvcﬁ tReAVSer WEice e H\Aﬁg}sﬁ %hdfélgﬁbnsﬁﬁdl?éturérfi? Sand

was i ntroduc 1 rst . m S€Eg ment e ald unne
i nprovi ng t hethga3alt wiichds, presast in Hﬁ/p%me{ Sppieny 59 thaytisynatinossivieda aI
rod. \Werpono épedifpes géﬁéh@l ra aeueaas%lwe% mqilpﬁefb?éﬁlaﬁtamswpdndsb@rrpacked

into the caplllar ﬁqé sre r.e 31 8.1 nch
blind screw. @%p‘WF'FHerevA%%‘SV*ﬁEM '19e8f g%ydmgf\ea(ofrg% ?('Yeg]%g 8f anet er
of 25 cm Rold:layngould ledeé ta apevdrsible formativm dattageconpr essi on of the sand in
the packing. The blind screw was renoved and 5 the next 1.5 m segnent,
provided with a blind screw, Racked in the sane way as the first_one
and was screvwddenerahthe musp@sjtmft gHolyrpevsutiondscieases ferp giveasal ifres.

mgnrte fr}gvdgsgtrr% %@éﬂ%@@te of 3Rk RN IRPeARS. A %lﬁm@alsoﬁjt%d msécwgv 38' on
sieve plate agontaat %frrﬁiﬂw q%@'@?p’ﬁ%'%’?%fqﬁﬁﬁ t"l‘héallt QQPtesnﬁ P,fif 6’% BEF‘n

the capil | ar ydewosit ben theteforet havantagedusly rbaupadkaowrdﬁagltogtmapﬁdéeat
entrances and its. The packing was then flushed with a water-sol ubl e gas,
such as, for ﬁ?ﬂﬁse, carbon dioxide, for 30 mn at an initial pressure of
4.4 bar (30 psi) in order to expel all the included air. Thereafter, the

packi ng vas Eﬁ?%tﬁaﬁ &fhﬁg&ﬁd&ﬂ%'&hﬁeg%mé? étﬁﬁnoq%&& Jell ar ag. Rfisthe

sand packi ng ore t oratory tre

packing fl us heessiPlertocrefers fon examate. tadhe explanatioastin dd 'CA'@A %Qﬁ an? N and

oi |. : lFf)r dt hi Sg@rﬁrﬁpsme féstgbﬁe m&eﬂﬁéhlm?hpbWh\drh&)lumrehi @{&WH ?s s ;Nast
i nsta e in er e oven el oOr S e e 0 e es
terper at ur e, SIRETLEN, DEUHESHIS WBILY 1 prattas, DY ShR T R APRSET o
filling of thwat;elplo_llr@wd\mybrabassbom |gzd, atthe . de‘posuhwmd:hh as d:hagemfooﬁhe he
experi ne e |

SaPo T ek | i of Mt Dadhshl BressurRiPhityhic iBe BRI bR, has
packi ng was hwhiohdeads tth dydeastlict krepkugpt ofr theagdepasirati neaches! nat mre rtbam est

wat er (synthegiiq Fﬁggsﬁ)/ygter or formation water), with the crude oil and
finally again wt e test water. Typically, synthetic formation water



30 or sea water was used for the | aboratory tests. As far as possible,
genuine field crude oil should be used. Up to 15% of tol uene were added to
"said crude oil in order to conpensate for the loss of readily volatile

conmponents a ci at ed change |n e viscosity

freed of Iar@&?tqgm es using a 1 5. lter. The pP&@EEbgﬂﬁ@%éet ail:
.35 The dry shnd pefdred ehhbodimentiof hheanekhndditlwifmimam teebghteehtedhis

packi ng was ans of the '"/4 inch inlets and outlets in the
t her nost at ed%@@‘%’%&%«gaiﬁfrom whi ch t he packi ng was begun was WO
031033860 19 PCTI EP02110683 - connected to the inlet. The packing renains
at roomtenp t | m‘@q hiRg was

t hen fl oodedﬁ{vvl%t ﬁfrgtemrgf’erfléqe&@ogi MBEPEEP tﬁ%ﬁﬁhﬁaf gremﬁérﬁt%{ gﬁﬁé@gﬁmt er.
The dat a 9 ecsalmaybave beentdigsalved ha huliessolulion o althickenad aqueoyst a
recording stgphfter Jchﬁtudﬁtlﬁrwﬁlbﬁcéhﬂhcﬁm SARKAY Wave BaleRsHigbolvdd asd

cl osed. The re, vol,une, was hi n ong E
sand packi nan(%rﬂgiupﬁpsasvtheu%pchr ﬂftﬁﬁltgsdqfvg'a%\t’fe%em he-rrp.}éch,&:#tpgrorptb

packi ng was icoptighlet@nddhe introdudiion®f ¢hne endshimidhgadgent.t est tenperature. 15
The test water was circul ated through the packing at a flowrate of 1

MIimnuntil a relati velé stabl e counter-pressure was reached. Typically,
about 2 trelival further preterresbembodooent, therrabovecascebied dntreddtiopuefpase. The
perneability e r a j ni ng

wi th crude OSPQcé,l\ﬁEQﬁ uﬁg&v\ogsa%ﬁ@?é"yg f%us ée%%vtntet?ﬁth i’F‘Frﬁtg:)ta E‘éﬁ%‘f?ﬁ hgn wth
t ol uene and prcrsélmlynmagﬁnt:rude oil. The crude oil was then flushed through
the sand packing at a flowrate of 1 m/mn until a relatively stable

counter-pressure ured and .no further wate el l.ed fromthe
packi ng (Sw ) axurther Freferiegembpdiment, 8 BRger oF ShPIRERNESS AEJUFINEANt or
thi s pur pdse caitlake ptaveadften the introductitm of thecsolutiensiet ttrermomdymbeaedy

ol vene, theq uenCioBRiing" adbtr BerdhBl e o B "t et dbBlif e o e,
was finally pmdimlonhrough t he packi ng at a flow rate of 1 n1/mn Once

agai n, about 2 sanple vol unes were punped unti l the pressure drop was
constant and_no nor i éyelled fromthe pag

) oi | Soy). The
permeabi l ity T; QPt'QFFOSB%%thgﬁ mer selutign geassi 'H @(99 éP@B)P'SQ%QeThe
per meabi pot y r@pedtbd if My miemmtmnbéfoa@ obeﬂ@altnulmb@d nslswmhéda\ebdaar cy
equation. For this pur acki gl nmens ns 4 tes, the
pressure drof ngrbﬁa PFFSJOLWEQRI % ab(ﬁg QB%%%’I?y Q)ftr?"ﬁte 1? Z0088 be
known. Aft er spbeificaliydi ti oni ng, the packing is ready to be used for the

test. WO 031 033860 20 PCTI EP02110683 Two-way val ve HPLC punp Pressure

sensor Waste Pressure sensor Back-press re controller
In a further preferred embodiment, portions or else the total polymer/water

25 mixtures are pretreated with crosslinking agent before being injected.

The crosslinking of the polymer can, if required, be eliminated by the action
of certain substances on the gel barrier. Compositions which are stronger
complex ligands for the metal ion than the phosphonic acid or amine or

30 amide groups of the polymer, and oxidizing agents, are in principle suitable.
In this context, hydrofluoric acid or its precursors and strong chelating
agents, such as, for example, EDTA, have proven useful. Among the
oxidizing agents, persulfates, perborates and hydrogen peroxide have
proven useful.

35
Preferred crosslinking agents are compounds of zirconium and/or of
titanium. Chelates of zirconium(lV) are particularly preferred, especially
zirconium lactate and zirconium gluconate. The solutions of crosslinking
agents are generally adjusted to neutral pH with amines, such as



ressure or~trol valve hartnosteted ven easured de Sand cqul sltion and
packi ng rocesslng Figure 1 Schematic drawing of the sand packing test

setup. 5 Determination of the permeability The perneability k is defined
as: 10 where Equation 1 Q ow rate [rrilnék -

_Perneabi | i ty“f(g]ow)n%@er age area of theﬂapi |lary [c ﬂEPBEQrQ&Bﬁ of the

. packi ng 8p -disopsepylamiltepor| sopromdaménsi myior ata] the - infroduetiony het he

liquid

exped: ent | anGougiBHRR 0 PR BUBRL by e ABuBGES SRUBATHATBY of ¢ ne
absol ut e per aveiba widg)rangeniran (001 t@@tﬁ%cmevwesghjsbasedrne theaamoermnt is
hor e accurat %g&/o?%ahlhni é?ur arrtf’jé"lib‘ﬁnqq? c@ﬁcéﬂﬂréti‘%ﬂ' ot E'FB%'SIIHIElﬁ Séq%t is

measur enment | ow rates. Consequent resul t

depends dh t Reeferabbain me @an%érqm &1 ta %%s@b’ﬂﬁ@'ghﬁdﬁs%{ﬁa“'ﬁbtm dhet he
G Trerent S IBACOTTS, 0 D2k “’é'ﬁ“" Cspeciall Mo 0. 0es Mo . 18%bE . O
vicinity of WRE qgi basaden 'qumeﬁr@ Atf?{?%'t”“? ﬁ%"‘fﬁ"@r iQPe drop has

stabilized for each flow rate and, these values are recorded. The

permeability ' f nth I n - rom the Darcy
equati on (eq-urbf%i ggb%ﬂ}%ia#@ﬁééd%{@rﬂg gélbf (B—Wk!)féx &Qg%'néhigat%ﬁtzaﬂﬁ&ch
flow rat¥ Q peeferably bel baffered;in therange. frorhphti4tta 6 lio padtidular foomat.8tte ai ght

| ine whose skgpe k is the perneability. Depending on the statistical 10
significance, the line of fit can be obtained graphically or by regression
analysis. Carrying out RPMtest treatnents using a sequential treatnent

wi th pol ynmer ERaafple) exanple. 15 Information on use in the field can be
obtai ned on the basis of the volunmes and punping rates used here. A typical
sequential treatnent and the punped volunmes thereof on a | aboratory scale
and in tte firakedexansplesdisted belbabloe the syfthEsis ef Suitalie pobimhers\iltstrate f or

T cat mont Sol 119 SNERBh O A8 hesohmitaE, L atiroytiths Asefion Rl MoREhEC

D 2 600 n2 8erampiEspanrtiable examplesd etfelfpisgsnearingi on
wat er ' buf f er Cr ossl i nki ngBuf f ered750 ppm i n2 80014. 2agent cr ossl i nki ng40%
buffera ent e[_b {1 | njection waterl ------ ~2 600 lomtted 25 ~ -
Concent r at ed '88l&y '&%’s‘ i@gngusEded with injection water.
20
AM Acrylamide
AMPS® 2-Acrylamido-2-methyipropanesulfonic acid
NVCap N-Vinylcaprolactam
NVF Vinylformamide
25 NVP N-Vinylpyrrolidone
VIMA N-Vinyl-N-methylacetamide
VPA Vinylphosphonic acid
Exampie 1

30 (Emulsion polymerization)
7.5 g of Arkopal® N 100 (nonionic emulsifier based on an oxyethylated
phenol derivative) and 20.5 g of Span® 80 (nonionic emulsifier based on a
sugar alcohol stearate) were dissolved in 350 ml of Isopar® M (industrial
mixture of isoparaffin having a boiling point of about 200 - 240°C) and the
35 resulting solution was introduced into a 1 | reaction vessel which had been
provided with a stirrer, a thermometer and a nitrogen inlet. A monomer
solution was then prepared by dissolving
55 g of acrylamide,
42 g of AMPS and



WO 031033860 22 PCTI EP02110683 For | aboratory investigations, polyner and
crosslinking agent solutions were prepared using synthetic injection
“wat ers. The pol ynmer solution was prepared by slowy sprinkling the polyner

powder into of the vigorously, stirred |iqui } The
acetate buff%Qﬁﬁm (100%9 was 5 pr eagr ed by m xi ng’(gﬁﬁPdio)&ﬁF’acet ate
sol ution (732d@ ¢ of vinylphbsphemietacid APA) 0100 m /1). The buffered
crosslinki ng ﬁg@to ﬁ%}#fl on was prepared by addi ng the concentrated
zirconiumcoflrg J ‘on (10.72 g/l) to a solution of 400 m /I of buffer
sol ution to gheetod the mommemp@ugoom’@oawuism to1 8. 5awith sasnmaonien23fer e
freshly pr ep%fr@ﬁ%tgﬁ.fﬂseg b?ﬁ\e/i:if \gke["ﬁdk!ed)fo HeemdABmMar abliitidn. TRETRfURoAICH
ed

i ndi vi dual punpi st ep, was uninstal]ed and the test sg|ution
bumed acd ¢ hmenasRert sl waer adec KotherpEBNIENFs, MO SRBLFUTaAG TR
desired vol upgadtishefdseel whiscewauatars ah@then filledtwithititigeh. Theesaferpal ity of

about 10 Darcy, ..as i cal., for exanple or the Harding 15 field in the
North Sea, a?élué'ﬂprﬂ;i)r% ¢ of agynanigm ggﬁugaig ’Pr%ﬂﬁr?émaqﬁ'bgaﬁ@gdgﬁdopunpi ng
rates for | akie atixtuye and ¢sé polymerizatibo thasinitiidd t Thearesotion lasted for 1 -

faton | i nPol "hapwer i, hE rbSE BB I8 s ReEE AT fo WO EPTRE
acet at e3160. tesuleist aostablet emulsion evidch san bRiingeted dn eMateo ip@EmManner
i n14.20. 1age%5%@s§%} 2@08 @91‘_?10 PYideCof llﬁ%f'&ié'ls Qhﬁéeé-%ﬁfi%’[h ents. The

wat er------- . _ncentrgte SO ?L;élons wer e di ed with
i nj ecti on waf@sulting,eolymes spidion hada s M@y ob® yner sol ution, the inlet

capillary in the packing was renoved and the pol yner was punped to the

begi nni ng "of e 25 .packj,ng. The inlet pi was. connec in.. The punmp
was set to tHteqd@iiqje%lC‘ﬁ‘ln%ﬁr?‘fbgqsoﬁ'tﬁﬂjé'"&rﬂf%%%wzl‘rggﬁ'uﬁhgae‘aﬂ%gg?@t‘?'f)@d'g Duri ng
the enti1g t esdedttoc2@0 aslsofr as0.68 sirengthl agquenis salution ofethe pelyoeded (14. 2
m at 6 m/h); CTI1 EP02110683 As soon as the pol yner

sol ution had%%hé%vgﬁgg%gégggﬁf(ﬁ%&purrp was changed over to the buffered
spacer solution. An inlet pipe was again renoved, the punp was flushed with
buf fer sol uti nfﬁ]gzprel i mnary punping was effected up to the begi nning of
t he packing. The I nl %M:%{Iai lj%\é 5 was agai n connected and the required

vol ume of thdSQlylieaP Z3RMas injected at the desired flowrate (e.qg.
3.5 m apo6 mhiapolyrherkzation seactdreofsplitet capacify, eqaippedssith akdover hgeing was
applied in the sane nmanner  sf descri beé’t abOﬁe - ﬁ%} a separate punp
(e.g. 14.2 ni@ q?nﬁ-@r%u H'ﬁ.’s ﬂ% TORN'SF A PHEASd ﬂg’et’he crosslinki ng
agent shoul d 75eg bf AMRSIwere disselveduin with buffer solution before pol yner
solution is ewi th again. Residues of crosslinking agent may
result in a ISttltjblﬁiﬁigeifr‘;\’gg}’form' ng prematurely. 15 After the introduction of

t he sol uti on 208 ot VEASWerkaddedgent, the direction of flow of the sand

packi ng pBs Ifdeiciffhlizatiod das dffecidd Wit afhrhbRiaR8% strémgthyrode of the probe.
Before the diyection of flow js changed over to the production direction

(f | owback), %Hb??riy%rﬁ'peﬁm{-i n time can be realized (e.g. four hours).
As a result of gohdVA wetethen gddedrer and crosslinking 20 agent come into

t act d f L i i i . bilit
Co water T b i BORR 8¢ Bob b BRI it S S hediBa RETAPEYL 1Y
punped was f Iwithhsiifring emdtintsodugtiont ofgtitrogerer whi ch was al so used for
condi {10809 £4 of 4R RE618Y 09 BehhUibUGRMALHCI ShidtUiaj@s purped to t he

end of the inlet pipe and connecte packing. In this way, the
conbi ned vol (thi 9oif apmesium persidfalewere afged.on was punped back (e.g. 17.7

m at gl m | E)’Fheﬂ‘@aclni@gria@}?dimf Ql@dutasA?iminbmhsi hthé tbmp‘e@ituré gm%reaailﬁglt@,d 48hh
to enable t ock to.for ter .the 0 ev ed, the
bl 0Gki ng  f actdl Credhe ety BUxidies pePme YhRSEat was: REpIed et JprtRer
(injection wi koursaat 803C with dtitringnifngleanyesghly nqisxbusheolutign whe ofptdinetlock and
the pressgre 0 oon as the 35 value had stabilized. Thereafter,
crude oi ?gmsﬂteuﬁﬁlg@%ﬁ?gﬁgg stabl e pressure drop coul d be not ed.

Det erm nati on of the blocking factors for water and oil WO 031 033860 24
PCTI EP0211068é(a%'5|gr3the RPM treat nent has been carried out, the bl ocking
factors for water and oil were determ ned. The val ues were obtained from

t he conpari sdPebpotymerization) ve pressure drops (or permeabilities) which
wer e nmeasured during the conditioning phase of the sand packing for oil
(oil with



5 residual water) and for water (after the oil flooding, SoR) with the
correspondi ng val ues which were reached after the treatnent. It is
“inmportant to correct the nmeasured pressure drops with respect to the flow

rates used, g owratesrnthef rmof the punp e often
_substanti al | ybéf@bgiaédm ng the condi t| i ng phase thﬂﬂ%ﬁﬁt’w
.treatment. 10n Bypolyaidrizatian flaskiafgl Wampaocityli équipped atith6@ coven, haairdy &l ow
rates of 1 - S : h nt has
been:f 1 usned PRGOS, it BirRh, Herree e BnkF Bs JAlst dbpbng HCHRIE™ o,
wat er and f osobitionwasprdpanediby dissiohwinly First, depending on the size of the

resul ting bl rﬂfﬁn? wat er was 15 fl ushed t hrough the sand packi ng at
a flow rate ?K%Ofgé 'Ea The actually applied flow rate depends on the

magni t udedof 42 @opAMEIABAdr op al ong the packing, since the punp and the
the pressure xgtgfa/PA# ve are limted to 100 bar. Formation water was

Dol bres ar & E}usrcéfsﬁéér T 8Pt gaLstesplorf St shminiadles shiebablar « ne
s?gﬁi H g\évdr at1es oﬁ;NMFuwere)a?dedi itd e selurmhl IFmahI«y pre o8 aheaqliegusht0ls of the
ot essur o 25 GEROT OB G R8R0R A 43 SRR At BREATRE Of (o
t he condil@i omddgdentmsturmg(mmroduetlcm ofcmtrngemaShmngfvms oontinued foe a
quotient of tafgn& Qsﬁﬁr‘i E‘atdﬁlﬁﬁ éﬁgeooylthafrgﬁdutc%ntdfeﬁﬁrggﬁfr %g‘h 'hessure

drop for oil when t packi I oned anple 18
Sequent i al tr"ét&?q%@"vrflv?ﬁ tﬁﬂpm @ngsin %Bm%ﬁﬁﬂtﬁyfe@wefﬁ]éa@&ﬁd &cki ng

used was congidlyraé®thtion atartéd nafternan3iftuciel S rdfesbo@tt@ﬂ reiAPi fhear y

havi ng an inter nal di anet er . of r abilit of t he
packi g s 3SEPBratiNEaAs e, TRAN2ALE R 2Bk AnAone oltRsBangInG vo
031 033860525 dﬂﬁ@hﬁBﬁﬁﬁ)&@fﬂﬁe'@ee Afteras reebsequersti mamgftlmbrm‘ee maﬁﬁa‘t@, st eps
(slugs), all b p in

Synt het | o sedfio iy KBRRAH ISGHl BindibtuforedifdBd BB DA PR Iy
injected at éfhmlﬁwah@was@beuta%(zo n1/h 2 m of acet ate buffer (0.03 M
sodi um acetate, 0.04 M acetic aC| d) were injected at a rate of 20 m/h. 10

16 m of zir nlum tat e sol diluted 1:93 ww, were inj ed at a
punpi ng rate 8 I(‘;?&/P @@QP@ Zjggonium: ACEIRR i ﬁdg‘?fﬁ thSﬁb o
Thereaft o, b} aﬂo 8% siBhibt bquesss walutionyver hightypistobsctki i dgze
packing in tr}e ogposﬂe direction 15 at a punping rate of 1 | h. The

packi ng was ES-shut in for 50 h. The back-washi ng was begun with
synthetic sea water at a rate of 1 m/h at 70C. After 4 days, the
tenperature vwas J AE£ ased to 100C. 20 The follow ng bl ocking factors for
wat er (RFW were neasured over a period of 150 days: Ti nmeBl ockin

f act or dRFw104Bosupitsinoopdpmesgation)245 Exanpl e 19

25 In a polymerization flask of 1 liter capacity, equipped with stirrer, reflux
condenser, thermometer, dropping funnel and gas inlet tube,
75 g of AMPS and
1.5 g of VPA were dissolved in
400 ml of tert-butanol and neutralized with ammonia. The pH was adjusted
30 to8.5.
23 g of acrylamide and
1 g of NVF were added to this solution. With stirring and introduction of
nitrogen, the monomer solution was heated to 60°C and 1 g of
azoisobutyronitrile was added. The polymerization started after an
35 induction time of 3 min, the reaction temperature increased to 80°C and the
polymer was precipitated. Heating was continued for a further 2 h at 80°C.
The copolymer can be isolated by filtration with suction and drying.
However, it is also possible to distil off the solvent directly under reduced



25 Sequential treatnment with polymer C as high-tenperature test The sand
packi ng used was conditioned in a 4.5 mlong 318 inch stainless steel
“capillary having an internal diameter of '/4 inch. The absolute
perneability ing was 9 D. The,packing had b lidaaaed at 30
62Cup to SOWB %%t ment consists o Rt hree separ a?gﬁgﬁgggwdgﬁ gs), all
. of whi ch wer prassure.cthe polymwerc®@s obtainad ibethe formpal e dvhite, dight ipewdersea
water: 16 m : 0 ppm sol ution of
pol ynmer C \/\/e\r'vg‘iqhn?'\élgglg%é g%gtg@gﬂ%n%tﬁégégﬁ ga(]ﬁl Qggl%r%a?f%&)g m of acetate
buf fer (0. 03Theserpalymatseohitee folloging tebie iwergcalsp Rrspared iagcertiegl tat a
rate of 20 mdye fbfr Ploceburdg.coni um lactate solution) diluted 1:93 ww,
were injected at a punping rate of 1 mi/h. 10 The sand packi ng was then
shut in for 5 h. Thereafter, 18 ml of synthetic sea water were punped back
t hrough the packing in the opposite direction at a punping rate of 1 m/h.
The packing was then shut in for 50 h. The back-washi ng was begun wth
synthetic sea water at a rate of 1 m/h at 15 70C. After 4 days, the
tenperature was increased to 95C. The follow ng bl ocking factors for water
(RFW were neasured over a period of 150 days: Ti neBl ockin
fact or dRFW227029270 20 The tenperature of the packing was finally increased
further to 123C. The followi ng bl ocking factors were then neasured
therewi th: TinmeBl ockin factordRFw12253100530 25 Concl usion: Wi le polyner C
exhibits a constant high blocking factor at a tenperature of use of 95C for
29 days, the blocking factor decreases from 270 to 30 in the course of 5
days at a tenperature of 123C. Exanple 20 30 Sequential treatnment with
pol ymer D as high-tenperature test WO 031033860 27 PCTlI EP02110683 The
sand packi ng used was conditioned in a 4.5 mlong 318 inch stainless steel
capillary having an internal dianeter of '/4 inch. The absol ute
perneability of the packing was 9 D. The packing had been conditioned at 5
62C up to So~,. The treatnent consists of three separate steps (slugs), al
of which were carried out at 62C and had been prepared in synthetic
formation water: 16 ml of a 3 000 ppm solution of polynmer D were injected
at a punping rate 10 of 20 m/h. 2 m of acetate buffer (0.03 M sodi um
acetate, 0.04 Macetic acid) were injected at a rate of 20 mlh. 15 16 ni
of zirconiumlactate solution (Halliburton CL23), diluted 1:93 ww, were
injected at a punping rate of 1 m/h. The sand packing was then shut in for
5 h. Thereafter, 18 m of synthetic sea water were punped back through the
packing in the opposite direction



20 at a punping rate of 1 m/h. The packing was then shut

in for 50 h. The

back-washi ng was begun with synthetic formation water at a rate of 1 m/h

tat 62C. After 6 days,
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1 RP0Yifoded Y e
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Exanpl e 21 Co-injection of polyner

E as high-tenperature test The sand

packi ng used—was—eondittoned—ipa—a—4—5mteorg—3H3+nech——statntess5-steel
capillary having an|internal djaneter of '/ inch. The ahsolute perneagbility
of the packing was. 9 D. The packing had| been conditioned at 70Cjup tq Soy, .
The treat ment t%\/as gzarri edjout s a/|sinu|taneous |i njectiagn of poljymer {10
sol ution and Ig ff%ed sol ytion| of gross| Fuitiaig aid'éﬂthefrcm two dilkf erent
punps whi ch|openea- tjoawpE¢aM NEYPANNVEY RlonShetshEatVEs Qadthad - | BaiuB
solutions werTe Pprepared_ay s0g 1 nm Jyntnerirc sea water. Ranp 1. 15 26,5 m
of a 4 500 I)]Nl%]rnl yrpr[Q]: g ;'r A tate of 26 5 | Punmp 21 3 5im of
a zirconium hactaf e |soqutijons dioditlegst p. 1: 93 w/vy\rkgbgﬁer@ﬁu;%ﬁ h §P3 M
sodi um acet ate and Q. 04 Mjacet)jc agid, [njected 3?& r’pl ratie of 3.% mlh 20
The sand pa¢ki ng wag then|shut|in flor 45 h. Ther fl Q synt hetijc seaq water
was back-wasghed |cont|i nuougly through the packing $,mn®13br ee days|at 70C at a
rate of 3 mlh. e {followm ter] blogking factors (R re Ured 25
Ti meBl ocki n chtE i %ézes SggTVtgrvc.ﬂ&g;'thg temperat fgrb\gﬁ]‘m%ﬂe rsrgw
packi ng was |Bncr@asqgd 42 1288 p2d t{he.5f pt | owi ng bl ocki ng Gelct or § 262 ¢
measur ed over, the, ti MByg 03|J 38?8 P9 PCTI EP02110683 ImaBI 00@61
f act or dRFW3 62541156154+ 4323R 828433311 6— OuﬂF‘l‘U%"ﬁ'ﬁ' : |yi"|’E| E—ean be
co-injected|\WithEhg cBbsgl Thk| i g9t | wi t hout |pr obl ens Gel 70C) 2674 hout a
gel bl ock fagm ng prle ureky. | The (ggly p. bl ock forns onl yPrgHBiit-ng fde
shut-in ting. In conparisgn with palyner C, a _
ation
G 98 03113 (10]- - Gel 243
H 98 03|13} 10 |- - Precipit- | 193
ation
9 |1 87 1 | 13| 1.0 |- Arkopal® | Emulsion | 173
N 100,
Span®80
10 | K 87 11 1.3 - |23 g of | Arkopal® | Emulsion | 177
NVP N 100,
Span®80
1 |L 98 03 |13 - |30 g off- Gel 239
NVCap
12 | M 81 20 [20 | 50 |- - Gel 241
13 |N 81 20 |20 50 |- - Precipit- | 195
ation
14 |0 80 20 |50 |10 |- - Gel 251
15 | P 95 1025|125 | 25 |- - Gel 234
16 | Q 75 23 |15 1.0 |- - Precipit- | 205
ation




greater thermal stability is detectable. r Y WO 031033860 30
PCTI EP02110683 Patent clains 1. A nethod for reducing or conpletely
relimnating water influx to a mneral oil or natural gas production

borehol e by [ntrodus into this 5 borehgle an aqueou ' a
_copol yner, tk@écng' %ﬁ@r conprising A 4 8 98% by wei E@ﬁEszm@%%ural
~units of theekammplg 47-CHR~ -CH ~1) CONH- R2 -S03 Me* 10~ in which R is
hydr ogen or : |.S - i ni or an
al kali netal BF%%ES"B%‘?‘J maﬁlﬁﬁgrew %‘?fg‘%ﬁ?@f ngr"h@t TS IO RO e
fornul a _ CHireatnjem using pplyaeHR ag@n@xampith 0. 1 to 10% by wei ght of

structural units of the formula _ CH2 ~ H (!'ll) RBNCOR4 25 in which R3
and R4, independently of one another, are hydrogen, nethyl or_ethyl, or R3

and R4 t dyet NBis tgstmgthndponsditetesaodippitmadel aystam fogdeppsits-oiheradiali cal
a WD 03I 0338@ftributiBrTdfERaetaPaRand d drillifg Proles 58n thudbé abjudeste radi cal or,
wi th inclusign of a_pentanethyl ene. group, forns %gcaﬁ)rlol ac’{c@*m rad+'(1:.al , and
5 D) from 0. I S8BT CIRTII TSNS HPdFT JRPRAUSEIS ondliGns o MBrD- GO
= P - OH (! Vmdthod has been used for testing and comparing the treatment methods

and substances according to the invention. Compared with core-flood tests,

10 this method has the advantages that it is more easily reproducible, the
materials are commercially available, the desired permeability can be freely
determined and is reproducible and, by means of the length of the packing,
it is possible to simulate a larger radius around the probe than by means of
core-flood tests. The comparability with core-flood tests was confirmed by

15 comparative measurements.

Procedure for sand packing tests

This example describes the procedure for sand packing tests for

20 characterizing RPM materials. The preparation and conditioning of a sand
packing test are described as well as the procedure for the RPM laboratory
treatment and the evaluation of the data.

Preparation of the sand packing
25
The sand packings which were used in these examples should simulate the
porosity or permeability of the deposits in which the RPM treatment is to be
used. By using a series of sand fractions or mixtures thereof, it was
possible to establish the permeability desired in each case. Typical size
30 distributions for sand fractions as used for the preparation of the sand
packings are summarized in table 3.



DH 10 and, sinultaneously with the copolymer or thereafter, introducing
into the formation or deposit a crosslinking agent of the copol yner) which
“crosslinking agent conprises at | east one zirconium chromum titanium or

al um num co hen putting the rehole for t e f
.mneral oil "m'}%"’m al gas into 15 OB ration. 2. TR};C-IF(E?&%{%GS&CI ai med
_in claim1, Viable3n t hSiza distributiwinswefi the sgnd fractiansidrdhe prepardtionvafd fr om

2-acryl am dogghg%ta%ilnpgopanesul fonic acid. 20 3. The nethod as clainmed in
claim11 and/or 2, erein the copol yner conprises from50 to 98% by wei ght
of the structural units _of the formila I, 25 4. The nmethod as clainmed in
one or nore of clains 1 to SandWarGom th¢ SiixCHdifutiBRI tS| B are present in
an anount of from2 to 6 ' 5. [The nmetnod as ctainmed in one or
more of claims 1 to 4, wherein Ain 30 the strdcd-dMMynitg ), R3 and R4
are hydrogen. WO 031 033860 32gPCTI EP0211068%8 -- 0636 htig net hod as cl ai ned
in one or nore of clains T TO 5, Wherein tn%Qboggl r—comprises fromO0.5
to 5% by wei ght of structural uRits C) ] 1t 894Bs_cf ai med in one or

nore of clainms 1 to 6, erein phe 5 copol ymgpoco3ay Laes from 0.5 to 5% by
wei ght of structural unfts D). @& The neghod %I i med i n one or nore of
clainms 1 to 7, wherein J — nmers are from 50
000 to 210" g/nol. 10 9‘ The nefhod as cllai ned<igo gme or npre of clains 1
to 8, wherein the structural units A), B), C and D) sumito 100% by wei ght.
10. The method as clained in one or nore of clainms 1 to 9, wherein the

f or mat i on5t o Ihadditioat dthesefdoroniectiallyf availadiel sand fiattions,cit metshpdssiklec!| ai ned
in one or nog i t : y=y i Leh S may
nave been i Codioaice SHiclfer Sz HistBEoS Bl By, lRbiedSHIES 1Rk

sol ution in wesellety produss fingrsand fractignsby eansrofdilisagel cexamplastofoduced
asdat ﬁ pas:e[ lﬁgbnitnghgera?eatﬂﬂme@hmhi@h _béil\m frbHﬁ%Héqégﬁdi_ih_@btiéﬁ% %3{ twélqppl y (rjrer
an e introduction o e _cross|inking,. agent. : e 0 cl ai me
M one.or " oABddnEiTeR 1aerBof Bre 1O be s i BHE 1 Examils Grrelvant Bpldeor | s
ef f ect ed1af t &f colresporidiog petreabilify dreeal$d giveasthérenki ng agent. 13. The
nethod as clainmed in one or nore of clains 1 to 12, wherein, after the

i ntroduction of the solutions of the copolyner and of the crosslinking
agent, a shutlabte phase Typinal agnd compositiods Houspedal fie appliafiensi n
particular from3 to 50 hours, takes place before the probe is changed back
to producti H—Fhenethod—ags—ctarmed—+n—ong—or—more—of—<ctarns—1to 13,

wherei n the il'ntsaﬂﬂ,u@QmBﬁSiH@nco. olRefseabiity{Pbn| Exameleckgldi nki ng agent] is
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sui t abl e15ubdjsuztigs the $dved gedckimysr iaé . produced in 3/8 inch stainless steel

capillaries having an internal diameter of % inch. All stated volumes were

calculated using this large wall thickness. Capillaries of 1.5 m (56 ft) each

were connected by means of standard Swagelok® 3/8 inch screw unions to

give a 4.5 m (15 ft) length and were closed by 3/8 inch-to-%4 inch fittings.
20 The sand packings were prepared by the following standard procedure:

The appropriate number of 1.5 m segments of 3/8 inch capillary were
provided with 3/8 inch Swagelok® screw unions and ring fittings. The end of
the packing was closed by means of a 3/8 inch-to-% inch fitting, in front of
25 the 3/8 inch end of which a 90 um stainless steel sieve plate was mounted
(finer sieve plates were used for finer sands). The sand was introduced into
the first 1.5 m segment with the aid of a funnel. For improving the packing,
the capillary was tapped vigorously with a metal rod. When no further sand
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larger impurities using a 1 um filter. The procedure in detail:

35
The dry sand packing flushed with carbon dioxide was weighed. The
packing was connected by means of the % inch inlets and outlets in the
thermostated oven. The end from which the packing was begun was
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()-@10 5 demrnerallzed water The data recorders were mounted at the inlets and

outlets and the data recording started.

The water-flooded sand packing was uninstalled and closed. The pore
volume was determined by reweighing. For a 4.5 m long E sand packing,
10  this value is typically about 48 ml.

Thereafter, the packing was installed again in the oven and heated to test
temperature.

15  The test water was circulated through the packing at a flow rate of 1 mi/min
until a relatively stable counter-pressure was reached. Typically, about
2 pore volumes, i.e. about 100 mi, are required for this purpose. The
permeability to water can be determined thereby.
Before the conditioning with crude oil, the pump was now first flushed with
20 methanol, then with toluene and finally with crude oil.

The crude oil was then flushed through the sand packing at a flow rate of
1 mli/min until a relatively stable counter-pressure was measured and no
further water was expelled from the packing (Sw). As a rule, two pore

25 volumes are likewise required for this purpose. The permeability to crude
oil can be determined thereby.

Before the reconditioning with test water, the pump was now flushed with
toluene, then with methanol and finally with test water.

30
The test water was finally pumped through the packing at a flow rate of
1 ml/min. Once again, about 2 sample volumes were pumped until the
pressure drop was constant and no more oil was expelled from the packing
(Sor). The permeability after resetting to water can be determined thereby.
35

The permeability of the sand packing can then be calculated using the
Darcy equation. For this purpose, the packing dimensions, the flow rates,
the pressure drop along the packing and the viscosity of the liquid must be
known. After the conditioning, the packing is ready to be used for the test.
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Figure 1 Schematic drawing of the sand packing test setup.
5
Determination of the permeability
The permeability k is defined as:
10 k = %’1 Equation 1
where:
Q = Flow rate [ml/s]
15 k = Permeability [D]
A = Average area of the capillary [cm?]
L = Length of the packing
&p = Pressure drop along the packing [atm]
U = Viscosity of the liquid [cP]
20

For comparative measurements, this access is simple, expedient and
sufficiently accurate. For more precise determinations of the absolute
permeability, a multirate technique is used. The measurement is more
accurate since it is not dependent on an individual pressure measurement
25 but on a plurality of flow rates. Consequently, the result depends on the
linearity of the pressure measuring means and not on the absolute
accuracy thereof. The test liquid is injected with at least four different
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straight line whose slope k is the permeability. Depending on the statistical

10  significance, the line of fit can be obtained graphically or by regression
analysis.

Carrying out RPM test treatments using a sequential treatment with
polymer D as an example.

15
Information on use in the field can be obtained on the basis of the volumes
and pumping rates used here. A typical sequential treatment and the
pumped volumes thereof on a laboratory scale and in the field are shown in
table 5.
20
Table 5 Comparable volumes for laboratory investigations and for use
in the field for an RPM treatment
Treatment Solution Concentration Volume
step
Field [bbl] Laboratory [mi]
Polymer Polymer D' 2 600 ppm 2 800 14.2
Spacer Buffered 40% acetate 700 3.5
injection water' | buffer
Crosslinking | Buffered 750 ppm in 2 800 14.2
agent crosslinking 40% buffer
agent
Reflushing Injection water | ~~—--- 2 600 omitted

25 - Concentrated solutions were diluted with injection water.
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15 field in the North Sea, are summarized in table 6.

Table 6 Treatment volumes and pumping rates for laboratory
investigations for the RPM treatment

Treatment Solution Concentration Treatment detail
step
Volume [ml] | Pumping rate
[ml/min]

Polymer Polymer D' 2 600 ppm 14.2 0.33
Spacer Buffered 40% acetate | 3.5 0.1

injection water' | buffer
Crosslinking | Buffered 750 ppm in| 14.2 0.1
agent crosslinking 40% buffer

agent
Reflushing Injection water | ~=---- 17.7 0.05

20
! . Concentrated solutions were diluted with injection water.

The pump was flushed with polymer solution, the inlet capillary in the
packing was removed and the polymer was pumped to the beginning of the
25 packing. The inlet pipe was connected again. The pump was set to the
desired pumping volume and flow rate and was started. During the entire
test, the pressures at the inlet and outlet were recorded (14.2 mi at 6 mi/h).
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removed, the pump was flushed with buffer solution and preliminary
pumping was effected up to the beginning of the packing. The inlet capillary
was again connected and the required volume of the spacer solution was
injected at the desired flow rate (e.g. 3.5 ml at 6 mi/h).

Typically, the solution of the crosslinking agent was applied in the same
manner — as described above - using a separate pump (e.g. 14.2 m! at
6 mi/h). Pumps used for introducing the crosslinking agent should be
flushed for one hour with buffer solution before polymer solution is pumped
therewith again. Residues of crosslinking agent may result in a polymer gel
forming prematurely.

After the introduction of the solution of crosslinking agent, the direction of
flow of the sand packing was reversed in order to simulate the production
mode of the probe. Before the direction of flow is changed over to the
production direction (flowback), an additional shut-in time can be realized
(e.g. four hours). As a result of the flowback, polymer and crosslinking
agent come into contact and form the gel bank which is intended to reduce
the permeability to water.

The pump with which polymer solution and spacer solution were pumped
was flushed with the injection water which was also used for conditioning
the packing. The injection water in turn was pumped to the end of the inlet
pipe and connected to the sand packing. In this way, the combined volume
of spacer and polymer solution was pumped back (e.g. 17.7 ml at 3 ml/h).

The packing can now again be shut in for, for example, 48 h to enable the
gel block to form.

After the gel block had developed, the blocking factor was determined. For
this purpose, formation water (injection water, as for conditioning) was
pumped through the gel block and the pressure drop noted as soon as the
value had stabilized. Thereafter, crude oil was pumped until a stable
pressure drop could be noted.

Determination of the blocking factors for water and oil

t
# E
E{
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comparison of the relative pressure drops (or permeabilities) which were
measured during the conditioning phase of the sand packing for oil (oil with
5 residual water) and for water (after the oil flooding, Sor) with the
corresponding values which were reached after the treatment. It is
important to correct the measured pressure drops with respect to the flow
rates used, since the flow rates in the form of the pumping rates are often
substantially greater during the conditioning phase than after the treatment.
10 Typically, a packing was conditioned at 60 ml/h, and flow rates of 1 - 2 ml/h
were used after the treatment.
After the treatment has been flushed back, it was shut in for 48 hours. The
blocking factors for water and for oil were then determined.
First, depending on the size of the resulting block, formation water was
15  flushed through the sand packing at a flow rate of 1 — 2 ml/h. The actually
applied flow rate depends on the magnitude of the pressure drop along the
packing, since the pump and the the pressure control valve are limited to
100 bar. Formation water was pumped until the pressure drop had
stabilized. Usually, about two pore volumes are required for this purpose.
20
This was then carried out at the same flow rate with crude oil, likewise until
the pressure drop had stabilized.

The blocking factor for water was obtained as a quotient of the pressure
25 drop after the treatment and the pressure drop for water after the
conditioning with oil (Sor).

The blocking factor for oil is the quotient of the pressure drop for oil after
the treatment and the pressure drop for oil when the packing was
30 conditioned with oil (Sw).

Example 18
Sequential treatment with polymer D as long-term test

35 The sand packing used was conditioned in a 4.5 m long 3/8 inch stainless
steel capillary having an internal diameter of %iinch. The absolute
permeability of the packing was 3.5 D. The packing had been conditioned
at 70°C up to Sorw.



E{ (t 109 ()--(t 109 ()--(t 109 ()--kkkkkkk_?<{ # E Gt 10%&()--(t
109& ()--(t 109& ()--(t 109& ()--(t 109& ()--(t 109& ()-- KKKkkkW ?<{ #
Qt 10% ()--G # E{ (t 109 ()--(t 109 ()--(t 109& ()--kkkl 111 _2<{ # E

"Gt 109%& o (t 109%& ()--(t 10%& ()--(t 109& ()-- o0& ()--I
_|G|(|||vv'><g)#“@8%‘?‘{ (§--G{ # (E){ Et i%o/&ﬁi Et 105%'%# 1015% 0
109 () - - 1 | | Thelttdatindint Xehsitssofhred 08éparate- $teps Q¥Rigs),-all bf WHidh (Abere(t

109 (1" (1 Hlda yoi dhahed bhor B oo sbd it # E S

109%& () --(t

16 ml of a 3 000 ppm solution of polymer D were injected at a pumping rate
5 of 20 mi/h.

2 ml of acetate buffer (0.03 M sodium acetate, 0.04 M acetic acid) were
injected at a rate of 20 mi/h.

10 16 ml of zirconium lactate solution, diluted 1:93 w/w, were injected at a
pumping rate of 1 mi/h.

The sand packing was then shut in for 5 h. Thereafter, 18 ml of synthetic
sea water were pumped back through the packing in the opposite direction

15 at a pumping rate of 1 mi/h. The packing was then shut in for 50 h.

The back-washing was begun with synthetic sea water at a rate of 1 ml/h at
70°C. After 4 days, the temperature was increased to 100°C.

20 The following blocking factors for water (RFy,) were measured over a period

of 150 days:
Time Blocking factor

[d] [REw]

10 260

50 296

100 270

150 245
Example 19

25  Sequential treatment with polymer C as high-temperature test

The sand packing used was conditioned in a 4.5 m long 3/8 inch stainless

steel capillary having an internal diameter of '4inch. The absolute

permeability of the packing was 9 D. The packing had been conditioned at
30 62°C up to Sow.

The treatment consists of three separate steps (slugs), all of which were
carried out at 62°C and had been prepared in synthetic sea water: 16 ml of
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10 The sand packing was then shut in for 5 h. Thereafter, 18 ml of synthetic
sea water were pumped back through the packing in the opposite direction

at a pumping rate of 1 mi/h. The packing was then shut in for 50 h.

The back-washing was begun with synthetic sea water at a rate of 1 ml/h at
15 70°C. After 4 days, the temperature was increased to 95°C.

The following blocking factors for water (RF.,) were measured over a period

of 150 days:
Time Blocking factor
[d] [RFw]
2 270
29 270

20
The temperature of the packing was finally increased further to 123°C. The
following blocking factors were then measured therewith:

Time Blocking factor
[d] [REw]
1 225
3 100
5 30

25 Conclusion: While polymer C exhibits a constant high blocking factor at a
temperature of use of 95°C for 29 days, the blocking factor decreases from
270 to 30 in the course of 5 days at a temperature of 123°C.

Example 20
30  Sequential treatment with polymer D as high-temperature test
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carried out at 62°C and had been prepared in synthetic formatlon water:

16 ml of a 3 000 ppm solution of polymer D were injected at a pumping rate
10 of 20 ml/h.

2 ml of acetate buffer (0.03 M sodium acetate, 0.04 M acetic acid) were
injected at a rate of 20 mi/h.

15 16 ml of zirconium lactate solution (Halliburton CL23), diluted 1:93 w/w,
were injected at a pumping rate of 1 mi/h.

The sand packing was then shut in for 5 h. Thereafter, 18 ml of synthetic
sea water were pumped back through the packing in the opposite direction
20 ata pumping rate of 1 mil/h. The packing was then shut in for 50 h.

The back-washing was begun with synthetic formation water at a rate of
1 ml/h at 62°C. After 6 days, a water blocking factor of 22 was found and
the temperature increased to 123°C.

25
The following blocking factors for water (RF,) were measured over a period
of 27 days:
Time Blocking factor
[d] [RFW]
1 35
3 37
5 38
10 27
15 25
20 13
25 9
27 7
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70°C up to Sorw.

The treatment was carried out as a simultaneous injection of polymer

10 solution and buffered solution of crosslinking agent from two different
pumps which opened together into the inlet of the sand packing. Both
solutions were prepared at 70°C in synthetic sea water.

Pump 1:
15 26.5 ml of a 4 500 ppm polymer E solution at a rate of 26.5 ml/h

Pump 2:

3.5 mi of a zirconium lactate solution, diluted to 1:93 w/w, buffered with

0.03 M sodium acetate and 0.04 M acetic acid, injected at a rate of 3.5 mi/h
20 The sand packing was then shut in for 45 h. Thereafter, synthetic sea water

was back-washed continuously through the packing for three days at 70°C

at a rate of 3 mi/h.

The following water blocking factors (RFy) were measured

25
Time Blocking factor
[d] [RFW]
1 26
5 34

Thereafter, the temperature of the sand packing was increased to 123°C
and the following blocking factors were measured over the time:
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33 19
37 16

Conclusion: Polymer E can be co-injected with the crosslinking agent
without problems at 70°C, without a gel block forming prematurely. The gel

5 block forms only during the shut-in time. In comparison with polymer C, a
greater thermal stability is detectable.
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C) from 0.1 to 10% by weight of structural units of the formula

-CH,-CH- an

R:-N-CO-R*

25 in which
R® and R*, independently of one another, are hydrogen, methyl or
ethyl, or R® and R* together are a propylene group which, with

inclusion of a radical
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3. The method as claimed in claim 1 and/or 2, wherein the copolymer
comprises from 50 to 98% by weight of the structural units of the
formula I.

25 4. The method as claimed in one or more of claims 1 to 3, wherein the
structural units B are present in an amount of from 2 to 45% by
weight.

5. The method as claimed in one or more of claims 1 to 4, wherein, in

30 the structural units C), R®and R* are hydrogen.
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10 O. The method as claimed in one or more of claims 1 to 8, wherein the
structural units A), B), C) and D) sum to 100% by weight.

10. The method as claimed in one or more of claims 1 to 9, wherein the
formation to be treated is flooded beforehand.
15
11. The method as claimed in one or more of claims 1 to 10, wherein
water, water in which salts may have been dissolved, a buffer
solution or a thickened aqueous polymer solution in which salts may
additionally have been dissolved is introduced as a spacer into the
20 borehole between the introduction of the copolymer and the
introduction of the crosslinking agent.

12.  The method as claimed in one or more of claims 1 to 11, wherein the
introduction of a spacer is effected after the introduction of the
25 crosslinking agent.

13. The method as claimed in one or more of claims 1 to 12, wherein,
after the introduction of the solutions of the copolymer and of the
crosslinking agent, a shut-in phase lasting for from 2 hours to

30 10 days, in particular from 3 to 50 hours, takes place before the
probe is changed back to production.

14. The method as claimed in one or more of claims 1 to 13, wherein the

introduction of copolymer solution and crosslinking agent is repeated

35 in any desired ratios before or after the probe is switched back to
production.
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crosslinking agent before being injected.

The method as claimed in one or more of claims 1 to 15, wherein the
crosslinking of the polymer is eliminated by the action of suitable
substances on the gel barrier.

The method as claimed in claim 16, wherein the suitable substances
are hydrofluoric acid or its precursors, strong chelating agents,
EDTA, persulfates, perborates and hydrogen peroxide.

The method as claimed in one or more of claims 1 to 17, wherein
compounds of zirconium and/or of titanium are used as crosslinking
agents.

The method as claimed in one or more of claims 1 to 18, wherein the
concentration of the crosslinking agent in the aqueous solution is
from 0.001 to 0.5% by weight, based on the zirconium concentration
and/or titanium concentration.

The method as claimed in one or more of claims 1 to 19, wherein the
copolymer solution and the solution of crosslinking agent are
buffered in the range from pH 4 to 6, in particular from 4.5 to 5.5.

A copolymer which comprises structural units A), B), C) and D) as
defined in one or more of claims 1 to 20.

A composition comprising a copolymer as claimed in claim 21 and at
least one titanium, chromium, zirconium or aluminum compound.



