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specivi &al | Y, the starting
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nis2or3.

Some of the polymers used in the present invention are known from US—A—4218554.

45 Particularly suitable starting water soluble vinyl monomers containing tertiary amine groups are
dimethylaminopropyl methacrylamide (hereinafter referred to as  DMAPMA), dimethylaminoethyi
methacrylamide (hereinafter referred to as DMAEMA), dimethylaminopropyl acrylate (hereinafter referred
to as DMAPA), dimethylaminoethyl methacrylate {hereinafter referred to as DMAEM), dimethylaminoethy!
methacrylate (hereinafter referred to as DEAEM) and diethylaminoethyl acrylate (hereinafter referred to as

s0 DEAEA). Of these, DMAPMA is the most preferred.

The reactive vicinal diol-forming or -containing compounds which can be utilized are glycidol and the
3-halo-1,2-propanediols such as 3-chloro-1,2-propanediol (a-chlorohydrin) and 3-bromo-1,2-propanediol. -

In one technique glycidol, an epoxide, is reacted with the starting vinyl monomer. The nucleophilic
amine cleaves the epoxide ring and a proton is consumed in the reaction. Therefore, the addition of a

55 neutralizing acid or other proton source is required as the reaction proceeds. More specifically, the starting
vinyl monomer and glycidol reactants are diluted with equal parts of water to make 50% active solutions.
The glycidol solution and starting vinyl monomer solution are slowly combined in equal molar amounts
while enough of the chosen proton source, e.g. a 50% by weight acid solution to maintain the pH of the
reaction mixture in the range of from about 7.5 to about 12, is simultaneously added. The temperature of

60 the reaction mixture is preferably controlled in the range of from about 10° to 20°C while the glycidot and

' proton source are added to the vinyl monomer solution and then raised to about 40°C.

When the starting vinyl monomer is DMAPMA and the proton source is sulfuric acid, the vicinal diol
containing monomer formed by the procedure described above is methacrylamidopropyldimethyi-2, 3-
dihydroxypropylammonium sulfate (hereinafter referred to as MAPDMDHPAS). The procedure and

65 reaction are represented schematically as follows:
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In another aspect of the present mventlon, water soluble polymers containing crosslinkable vicinal diol
groups are provided. Such polymers can be formed from the vicinal diol containing monomers of this
invention described above. That is, a vicinal dio! containing vinyl monomer is polymerized with one or
more other monomers to form a high molecular weight (above about 100,000} polymer containing
crosslinkable vicinal diol groups. The polymerization reaction can be carried out utilizing known water-in-
s5 Oil emulsion techniques or aqueous solution techniques.
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The high viscosity, high temperature stable, gelled aqueous fluids formed in accordance with the
present invention utilizing polymers containing vicinal diol groups are partlcularly suitable for carrying out
completion, stimuiation, enhanced production and other treatments in high temperature subterranean

45 formations, e.g., formations existing at temperatures above about 82°C (180°F). Examples of such
treatments where high viscosity gelled aqueous fluids are utilized are treatments for consolidating loose
sands in formations, acidizing formations, fracturing formations, and enhancing productlon from
formations. In accordance with the present invention, such treatments and others are carried out in high
temperature subterranean formations by contacting the formations with highly viscous aqueous gels

50 comprised of aqueous fluids, water soluble polymers containing vicinal diol groups of the present
invention and crosslinking agents.

To further illustrate the present invention and facilitate a clear understanding thereof, the following
examples are given.

55 Example 1

A water soluble vicinal diol containing vinyl monomer (MAPDMDHPAS) is prepared from DMAPMA
and glycidol starting materials as follows.

170.26 g (1 mole) of dimethylaminopropy! methacrylamide {DMAPMA) are placed in a glass vessel
containing a magnetic stirrer and mixed with 294.91 g of deionized water. Two addition funnels are
60 suspended above the vessel; one containing 75.6 g of glycidol and the other containing 49.05 g of
concentrated H,SO,. The pH and temperature of the reaction mixture are monitored continuously while the
H,S0, is added dropwise over a period of about 30 minutes. Prior to the H,SO, addition, the solution is
cooled to 19°C and the solution has a pH of 11.3. After the H,5S0, addition, the solution is cooled to 15°C and
* has a pH of 7.5. The glycidol is next added dropwise and the vessel is warmed to about 21°C using a
65 hotplate. The glycidol addmon time is 1 hour and 35 minutes and the final pH is 7.41. The reaction mixture
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"'-'.'Xt ure are aﬁer v?lmc(ZEE;aenetmﬁn? : _
The inversion of the emuision is caused by adding 3.33 g of the emuilsion to a qumg blen_dor
3 containing 100 g of APl brine and 0.3 ml of a 50% solution of dimethylbenzyltallow ammonium t_:hlorlde.
»AP| brine” is a laboratory brine formulation comprised of 1350 g NaCl and 150 g_CaCl, dlssolve_d in 13500
g of deionized water and filtered through E—g grat‘l’e b317 Ifilter -papears:r- :e:.:::;?;t. inversion of the
i i ccurs in seconds as evidence a large increase i . ) ) ]
poly: ::x:g)e:?): ::I;:n:rs are prepared utilizing the general procedure de_scribed above. The identification
55 of the polymers and synthesis reaction conditions fnvolved are set forth in T'b|es land Ul below‘.‘ e
The polymers are identified using a code that gives the mol_e % -of the various monomers used in : eel;
preparation. That is, three numbers are used (0.0.0) representing, in orqer, mole % acrylamide, mole
NNDMA, and mole % of a termonomer. These are followed by a ]etter which represents _the termonomer osr
a monomer substituted for the NNDMA, where Ais dimethylamlnqpropyl methacrylamide (DMAPMSEE D_
60 is methacrylamidopropyldimethyi-2, 3-dihydroxypropylamm_omum sulfate (MAPDMDHE:(S:), A is
methacrylamidopropyldimethyl-z,a-dihydroxypropyl ammonium chlc_mde (MAPDN_IDH o ). . is
methacrylamidopropylitrimethyl ammonium chioride (MAPTAC) and M is methacrylamide. § t:irpetlme: a
fourth number is used which represents the particular polymer syntheslg. Tt_le presence of_ aPindicates EI‘ hat
it is an emulsion polymer. The presence of a K or the absence_ of P_mdu_:ates a solution polymer. The
65 number of the polymer sometimes follows the P in the pol_ymer identification code.
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'r] is added dropwi se over a period of about 30 minutes. Prior to the
e--izr] addition, the solution is cooled to‘[err] and the solution has a pH
of#+11.3. After the [err] addition, the solution is cooled to [err] and has
a pH of 7.5. The glycidol is nekP 823219650B% se and the vessel is warned
to about [err] using a 65 hotplate. The glycidol addition time is 1 hour
dnd. 35 minutes and the final pHis 7.41. The reaction m xture EP 0 232
965 Bl is heated to and nmintai ned at 400C for 40 hours. The final pHis
9.5. Analysis of the reaction indicates a trace of DVAPVA al ong with
MAPDVDHPAS nononer. The structure of the synthesized MAPDVDHPAS nononer is
indicated to be as follows: [err] Exanple 2 Honopol yners, copolyners and
terpol yners are preparedeusi ng the vicinal diol containing nononer

( MAPDMDHPAS) prepar ed asxdescribed in, Exagple, 4 And ot her mononers. A

wat 8L~ i n-oi | emul si on %r-t%“h nogue i sesedo g,gtl,ls illustrated by the

fol | ow ng procedure whey: ||q="aﬂmpnrynfe '?)'r'ﬂatfryl"am de (90 nole %9 and
MAPDVDHPAS (10 nole % %4 prepared. The followi ng ingredients are m xed
with stirring until hormgeneous to form an aqueous phase: 50% aqueous

NAPDNDHPAS -t T TR O B T I I I I A | 1 58. 67 g 20 46%)aqueous
gcryl ami de ‘z”j bttt il i lel e 139.23 g deionized water
20.0 g 25 et hyl enfedi ar‘ri'nb‘t'etr'a'c}at‘i'ce &dild, disodiumsalt, dihydrate

(INa2 EDTA) .05 g sodi wim chl ori de
.0 g The pH of the aquee us phase is adju
0 The foll og/\m g: ¥ ngr edllept;s; are
i xture of isoparaffini® deOC'ar Bbons (1 5SOR
&
¢

ted t,E7.42 with .15 m 50% NaCH.

' Me%itofcgrman oil phase. a
' 8l g

17}
orbi tan nonool eat e 3L 4 6g 35 The
il phase is added to a;5 Q gl MR B S 88408 ojcis Tt t o Wi 't§1a|id
ontaining two openi§gs= Fpr-arm N2 i nt &~ ¥ ™ &t an adctl-§~ ons funnel . The
il ase and wari ngobl endor jag are sparged with N2 gafcsg e aqueous phase
ils introduced into#he oil phasg over a [eryd mhute pavodimhile stirring
nu nnman ) ~ -
t about 4000 rpm ZBe suesuIE ngegmEg 8 sssstggred f grankpdditional 5
inutes at the saffe Eat 40= - =Ehex FDE SZadded 3P &HPrespar ged
g . Jo<a (= S (=} . - .
ne-liter glass kgl#Fe EntE@ IEEE aSHEEETZSE A0 inl HEQUBRg a [err] exit
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tube, and a ther nocoupl e probe with a digital readout. The water-in-oil
conononer enulsion is stirred at an r‘pm of* from about 500 to about 1500 and
sparged with N2 gas while heati ng¢ Q'sg]t g{)out 30 mi nutes, followed by
the addition of 0.2 g sodiumbisulTite Irring and spargi ng are conti nued
whil e maintaining the tenperature at about [err] for 15 minutes, followed
by the addition of 0.1 g 2, 2-azobis(2, 4-dinmethyl- 45 val eronitril'e)
initiator. After about 45 ni nutes, a mld exothermstarts which continues
for about 3 hours. The tenperature is nmaintained for one additional hour
and an additional 0.1 g of 2,2-azobis-(2,4- dinethylvaleronitrile) is

added. The tenperature is imcreased to about 60C and held for about one
hour after which the enul ggnwiv&@eﬁleddﬂnmmctaeﬂwawre Thi s enul si on
i's honogeneous and stabl es#=he inversion of the efulsion is caused by

addidag 3.33 g of the emulsjgn_to a Waring bl e(pggrw @ .£0ont ai ning 100 g of
APl Dbrine and 0.3 m of ag;%o/wm?-plflm+g_mgfﬁgﬁyd gqngylﬂt al I ow ammoni um

chloride. "APl brine" is aiaa@mgmﬂ@'mg DU g dnsconpri sed of 1350 g
[err] and 150 g [err] disgol,ved in 13500 g of d®ei®nized water and filtered

t hrough E-D grade 617 fil tger] pdperor equi val egt, - Laversj on of the pol yner
into the_brine occurs in opdse 35 FEVEARDRER by ALlaf ge increase in
viscosity. A nunber of po r'ss &8 pr epar ed unrltZirgrthe general
procedure described above.c The identification 55 of the _pol ynmers and
synthesis reaction conditiorns involved are set forth in"Tables | and 11
bel@v. The pol yners are |=c§a tified using a code that gives the mole % of

t.he various nononer® use&gg Lh@.LLNQJe@RQf@L' e dat is, three nunbers are

sed (0.0.0) repres®nting, 88N U AL er NHlobn KBl ﬂ@mﬂgzmﬁol e % NNDVA, and
le % of a ternondirer. $Hpsde~are followed by a'letter which gepresents t he
ternqzomer or a m)r%meﬂ sibstituted for the NNDMA, where A |sE

e

yl am nopropylu rrEﬁ ha&tr | am de (DVAPMA), DS 60 is g
t hacryl am dopr opyn: didr hé/l -2, 3- dl_'hyg*r_‘oxypr opyI anmoni um su.Lf ate l’:’
(|MAPDVDHPAS) , DG j sa | SRS pDPFI=R et Bic 2 @ihydr oXypr opy?

mroni um chl ori de (g/A C), Qis nethacrylam dopropyltri ngt hyl admoni um
hl ori de ( MAPTACE| a¢d 3 i s” net hacryl am de. Sonetimes a fourthznunperis
sed which repregengs the articul ar pol yner synthesis. The pgese;gceoof aP

ijndi cates that i ig an efsildd.pAYaert | Thel nrmsaQ@g“Qj a K%or gShe*
bsence of P indicates a sbTut'i on ‘pof yrtet! ITh 165 *uhber * of t fe pdl yher

onetinmes follows t‘Ee P |n theL.p.oL)bme.n ndsata&mat-ma-ede 6;;'. §P§ 232
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5 0 232 965 BI [err] EP 0 232 965 Bl The pol yners descri bed above can
be prepared using a solution technique instead of the water-in-oil enulsion
techni que. The sol ution techni que involves reacting the nononmers with

initiators and buffer in an aqu ' "n t he absence of oxygen. A
reaction pHin the range of fropﬁwaa'oggh?df out 9 and a reaction

t'enper at ur e Tha pollsmwens d ebedfabd\'le@!n @tvml!@fe ewqaiobma'btﬁmm ernﬁ 2 t ’;"I‘Qb
can be ut Prisiegtechiiayes [he o 'tr?et en"“,'«°'°’é§’f fFactipg the o i o bnda
enul si Onsaiagﬂuﬁ% W’ézﬁ £ (gﬁé @JHPL tgab% 9(ﬂ§ odt Earhfeldﬂﬁtedto
hydr at egl, fdrinQReSpoi sblatiof. eva uat ed for stability at [err] 10 E. Enul sion
| nversion and Pol yner Hydrat | on A quant | tY of APl brine is placed in a
Waring bl endor jar and ni xe e erter

wei ght aqtér%%)s ml?e"a"lﬂ'%; thsp?org s’fal'"(?\ﬁ "ve"?#c%f@?ﬁr %E*B'g? fadded

in &y ago sonto be inverted. The mXxing rate

>THO. 0N oD oo 2

ifs lncreaseainmﬁbramwonla!a%owmma.duarhe anount 15 of pol yrrer enul si on used
s added andA quaptitg of AR brmee;snhceﬁtmaWaTmablvf@QUhrtmﬁg\meﬂstd PS'"M%!!ES a
bdel 35 ﬁmmvve ugougpalytionf dime p me art c%fh‘d’gf'd; gfg' a&nmt
eter nige o e Vald %‘5‘; smrm e
rine are Nf% FI\IQN Q'GQﬁé?er |with No. rinﬂgn Qll’bobaﬁd slewle KA ab Med mmplewd e
ol | owed’ byuranl;d ihBgocautted Nor eXarriplec308 lod wARI bdrerardmided 1o w@ne-titer Wa?ens bgrlwf and
ol ymer emixediabm low ratefoltpmed @ pddingrang ind 9f the a&%@‘eﬁcga 'Me%?’ %:@\‘,i"f o U‘ébl
or one, nFWH'P'é:éf?daq?P%&’Bgﬁ Mixingat 3500, fYlng, is-FRAN ehese S are
hovi i1 ﬂ’g hé résuts ofT&@%‘éstL bie sRown in Tabie il \f I scosity Pr opert i es
f Inverted Polymers Polymer Concentration: |% by Wight of Fluid
enperature: Anbient Conditions SteagysSiate 30
ANN Di al Readings [err] 100, 2019 and SGGfr nmePoI yoEr Dei oni zed Vt er
X O 1es Q. v
P %Izﬁe No. Po%&icgmgmragxon 1¥ by Wei'm ﬁﬁa 300
Temperature: Ambient Condltlons
| Steady State
0 FANN Dial Readings € 100, 200 and 300 rpm
Polymer “Deionized Water __API Brine _
__No. 100 200 300 700 200 300
8 84 116 141 17 21 35
9 71 101 126 7 12 16
% 10 74 107 137 7 11 14
11 Y 62 78 51 72 9
13 92 126 152 4 7 9
14 50 75 93 19 28 37
© 16 61 91 115 12 19 25
40 : 17 48 66- 80 28 42 53
a 18 15 25 33 13 21 29
~ 19 53 69 82 0 57 12
20 - 55 75 91 29 44 56
21 83 72 86 28 41 53

45

tabili
F Te;gg egrztfutr:esh;dratt:d polymer are placed in a glass pressure vessel. A desired amount of crosslinker

led and agitated to thoroughly

nium oxychioride is added to the vessel. The vessel is sea

% ?:l‘):(hﬂa\z (:)gz;n:zg(;r:d cros;,hnker The vessel is then heated to the desired temperature by plkati;ng ||t $ear
heated oil bath. At desired intervals the sample is inspected and the stability of the crosslinked poly!

visually noted.
The resulits of these tests are given in Table IV below.

55
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8 84 ' 116 141 17 27 35 9 71 101

126 7 12 16 10 * 74 107 137 7 11
14 11 47 62 78 2 91 13 92 -
126 152 4 7 ?191232%5_317 50 75 93

19 28 37 16 61 91 115° 12 19 25 40

17 48 66 80 28 42 53 18 15 25
33 13 21 29 19 53 69 82 40 57
72 20 55 75 91 29 44 56 21 53

72 86 28 41 53 45 F. Tenperature Stability 100 g of the

hydrated pol yner are placeg in a glasa pressure vessel,. A desired anmount of
crosslinker 50 such as 0.2% zirconi unkoxychloride is &dded-to the vessel.
The vessel is sealed and agitated to &horoughly m x tbe pol ymer and
crosstinker The vessel is then ﬁeateﬂ to the desired tenperature;by
placing it in a heated oil bat h. @At deS|red hntebvals'the sanplects
iinspected and the stability ef tge crosslln5§d polynem vi suabl y noted The

Aesults of these tests are guvenxln Téble I belgm1 55 60 65x9 % EP
232965 Bl tnAJ tt U
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err) EP O 232 965 Bl [err] 12 EP 0 232 965 Bl [err] EP 0 232
965.Bl [err] 14 EP 0 232965 Bl Steady st:ate viscosity properties of
polyners 8 through 21 in deionized water and APl brine are shown in Table
I1l. The relative nol ecul ar wei gigP 0:28296% B81s of ionic character of the
prepared copolynmers are utilized to evaluate the synthesis conditions.

Vi scosity properties in deionized water are a function of nol ecul ar wei ght
and degree of ionic character while the viscosity difference in these two
base fluids is 5 predomnantly a function of the degree of ionic
character. Prelimnary stability data at [err] for several polyners
crosslinked with various netal crosslinkers are presented in Table IV. Ge
stability is dependent upon the polymer, crossginker, crosslinker
concenfration, pH and oxygen content. In general, the nost stable gels are
fqrnéﬁ7mﬁth polygers 17, 20 and 21 when crossl@nked with 0.1 or 0.2% of
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19
21
21
20
20
20
20
19
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Vi nyl nononers containing vicinal diol groups are prepared as follows. 15
A. Met hacryl ani dopr opyi di met hyl - 2, 3-di hydroxypr opyl ammoni um sul fate
( MAPDMDAPAS). To a 1-liter glass bggqugpgsgl B1ng a magnetic stirrer is ©
added 170.26 (1 nole) of DVAPMA and 170.26 g of deionized water while
stirring. Initial pH and tenperature are 11.2 and [err] respectively. Two
iddi ti onal funnels are suspended above the beaker; one contains 75.6 g (1
| e) of glycidol and the other contains 98.2 g of 50% [err] The pH and
enperature are nonitored continuously during the drop-w se 20 addition of
lycidol. Tenperature is naintained between [err] and 27.50 by placing the
eaker in an ice bath. The pH is nmaintai nedobegween 10.6 and 11.2 by addi ng
0% [err] as needed. Al of the glycidol |s”'ad§fe(ﬂvmth| n 1 hour and 4
inutes. An additional 75.6 ¢ ‘of mater is addeg t°O the reaction myxture; a
ortimn is fl owed through the ad(ii tion funn@l $hhi&kh contained the3gl yci dol
nd the remaindeg is added £o0 t he addi tl ‘f‘unnelu cont ai ni ng the €emai ni ng
err] The ice batch surround{¥ng tie re t@ngvegse}o i@rem)ve.d 25 and
epl aced with a garm wat er Eath i or%r o ONrakses the, react iron te'é’perature
o [err] The ren&ining acid,and yater T ®tuge ;s*adgqg to the reactlon
essel over a peki od of 2 h@urs %d 4% ntnutes, Duri*tg thi s°stepV\g
ddition the temﬂerature i s%hel d®at alput) [&rr& é‘i}1d"t'he pH i%s maift ai ned
etween 11.3 and©10.1§nfd | 'the I'as§ pdrii o of a&igdYs, added. Thg final pH
's 4.55. The reagtion mi uBe $s%hen Pl dced ih & s«?aﬁ ed br@w bogtle and
rged in a [err] b@trg %hewr gacpi on ry ﬁu__@ s m&hoved at 16 &ours The

|naI pH of 30 the progiu@ 's § %ag r-;porgltg;npyrﬁupsa B. -
t hacryl am dopr @py! dILI'YEU’IyE,’ 28 3-4di gy dg ogypPopy! gmert um ch[”orl deo
IVAPDIVDHPAC) To 3 1-quart, byown hottl egis, atided 37028 g (1 ol e) _§)IVAPNA and
ﬁrg of dei onigzed véit & . EM S(l rﬁg Es .,,acé’onﬁl iShed ByEswirlieng the bottle.

s mxture |gs ad d>1 io rﬁ’al Bf B-¢hl grd-1 , 2€propagediol . 35
smal | exot her msi s ob@erq/e &'h@- sealxed rnbo'ﬁtl% donfd ni ng Bhe refction
i xture is submepged ip g water RQath control | el at about [err] After
eacting at thisgtenpeyatiuré fpr 120 hours the reaction m xture is renoved.
he quat ernary anmoni um chl ori de nononmer (prepared according to Procedure
) is fornmed by substitutioQ of the clig§ oG d@ cﬂ ﬁer:] chl orohydripp with the
itrogen of the tertiary anbnes the quantity « 40 Chidride ion g oduced
uring the react Uon |$¢;dQ’( e#m«ne@ bg t t Rat®orf wit i S|$ver @i trat®. Based
n this analysis, it is cal Culat éd That 99.8%df T hé & chl of‘ohydr?n is
eacted and theref ore, the percent of conversion is 99.6% The vicinal diol
ontent of NAPDIVDHPAS,and. MAPLAMVDEPAG af eqdeterdn pedot o,be 53. 0% and 50. 6%
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3" and eval uated for stability at high tenperatures. Thermal stability
tpsts of hydrated enmul sion polynmers < err] in APl brine are sunmarized in
ables V and VI. TFhernmal stability tests of hydrated sol ution polyners at
rr] in APl brine are sumari zegpi g 2520668 B1and VI. Thernal stability
tiests of hydrated solution polyners at J[err] in APl brine are sunmari zed
i Table VII. The solution polyners are prepared by reacting the starting
at erials 55 and initiators in a 2% pOtaSSI um chloride solution. Procedure
Tb obtain a 100 g sanple of hydrated pol ynég gel 0-97 7 g of deionized water
i $ added to a 500 ml Waring blendor. An |nv§rter§uch as a 50% by wei ght
aqueous sol ution of dinethyl benzyltall ow anmeni um chl oride is added in
an anmount of 0.33 nl to the water with genthke mi ¥ ng. The enul si on pol yner

(T 33 g) is quickly added with a syringe whgle mg&i ng at about 1500 rpm
xmgg is continued for 2 mnutes. The sanple isdeft static at

Ieast one
hour at anbi ent tenperature to.*fully-hydratg bef @ e uset or egal uatf on. A
100 g sanple of hydrated base el is :pl acedgn ag50 ne (8 oz~\) glass jar.
The sanple is purged 30 65 mi nat es bys bubbl i g [er,,r] tmough t he sarrpl e.
The jar is seal ed angl t hek pl a@ed |ns_gde a irgeds pres§0re 13 E—E’ 0232965
B} vessel. The vesset' is Placed into an oil ath g thedesired t erature
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70..20. 10DS. 7K ' .101 101 . 042 42 4.2 70.20.10Q 80
L1211 121 s .079 79 EP 5232 965. B1O 30 . 119 119

. 026 26 Sée iﬁ%sé&g%%gnwof polyme roug (é?m denomzed 12 nd AP:?—R e are show
46120 in Table/tl lecular weights and es of i character of & §are are polymers a
503 40. 10DS. &Hized to evaluate the Eﬂnthesnsundltaons Viscodit ropertiéDin deionized W E

.0v8s 78 wmolecular weightzand degyge of ionic chan@@erfmmq@hemnﬁ ifference in these t@g gase ﬂu@Q ls

044 N predommangyla g% ion of the de?e@q P ?‘(
e Prelimi d or sever lymer sslinked w1th rfous m
- 055 55 crosslmker ngg% nqu it@gé lstabmty is depen pontsggoymer crosslin rossli
96 LO 90. 10D$ndedltation, pH and oxyder dontent. 2flgeneral, the mdé¥stable gelsire formed withtolymers 17, 20
,ODS. léﬁd 21 when crosslmibﬂ]wnh 0.0dr 0.2% of zircordnd oxychidide or 0.3% of Zrcadiuint lactate with

\ﬁ 5coST t yo nisigthenalamingn a Brookfiel d LYT using a nunber 1 spindl-e at 6 rpm

35 Tables V. VI and VIl show the su&grrnliorlty of the 0.90.10DS pol yner
foymul ation oygh mamem%ktxﬂf%?vfcﬂam%&u e proghiredHs Attt Y testing of
i nyerse enul sion polyners at [err err] (250 and 280F) shows a | oss of
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Th| pal eea!mémkfr@pmanma st'rrﬁr 'wlde'b*rmﬂ@ﬂ sf Dmrw as

i A ﬁ Soeed Mo T sm%"wgsggp o B =
Th[s vi scose ainks BSD § 6P5% F,56,0 PRI & o arb R doRlighousi
ODE~P43 50| atidition 8f GRRdA Merhfbratiird Sshaifkinglf begden t1#15°cake 7. afbt,@ramay@tmmuﬂ@r in hucs

phenonena i baﬂnd'he u}bsmamed ert 196 apd a1 WM @ding $0fk msmras pesdgdyalt of the glycidol is

704 20. 10DS: ylfngggfﬂ@erg Eoagtinpauxtyre; qdq&g;z:
E.n he usﬁg% move

w adg
enlil i on anﬁdd% cmf;fﬂ %Jﬁ{gﬂ"ﬁem&h e e e i ache

poj yNeLs ,§ 5ndtrgtﬁd' atel bdtiin ﬁo Fyusﬁiﬂe(i onlt
balse N dr at ed vndrywhaas is Aided Bithdiekdtiby veabel blee a pBGRISH lzmhed afkBd1 miduee Datilg Wi

tol the cros%#ﬂ“ﬂﬁe@#dmmfbstempﬂ‘ﬂ@re -ﬂﬁeld:vmbetnw"ﬁtandme ak i matginesh betyac 13 m!ﬂiﬂén

i n| addi ti onuththe jast go 6 gqtign 5‘1"%‘"%\?% ezp
schl e asf oL ERES '73 a"% ° ,;,;;g, ey %feem.m % BErEl 8 ?‘ﬁ%w malpfi o
phiase - separati on o yrrer Tree fluid; 3. honbgeneous - viscosity
priesent butBs. Mhaarvlanmpmgylgmlemylm-dnhydroﬂyprdnyqapmgium coloadesiMARBMOHRACQYT d whi ch
fof ms a t ongudoapaHan hrawspasjo s sided 1763 d (Lmale) OUPMARe2S).B g otrsignizestwateri Mixing s
retain i E %ﬁ hed by switling the'bottle. To this mixture is added 110.5 g (1 mole) of 3-chioro-1,2-propanediol.

5 exotherm is observed. The sealed bottle containing the reaction mixture is submerged in a water
bath controlled at about 40°C. After reacting at this temperature for 20 hours the reaction mixture is
removed.

The quaternary ammonium chioride monomer (prepared according to Procedure B) is formed by
substitution of the chloride of a-chlorohydrin with the nitrogen of the tertiary amine. The quantity of
40 chloride ion produced during the reaction is determined by titration with silver nitrate. Based on this
T"/ analysns, it is calculated that 99.6% of the a-chlorohydrin is reacted and therefore, the percent of conversion

is 99.6%.

The vicinal diol content of MAPDMDHPAS and MAPDMDHPAC are determmed to be 53.0% and 50.6%.,

respectively. The theoretical diol content of each monomer is 50.0%, since each is prepared as a 50%
45 aqueous solution.

Example 5
A variety of polymers containing vicinal diol groups are prepared. The polymers are hydrated and the
resulting gels are evaluated for stability at high temperature. The hydrated polymers are then crosslinked
s0 and evaluated for stability at high temperatures.
Thermal stability tests of hydrated emuision polymers 121°C (250°F) in API brine are summarized in
Tables V and VI. Thermal stability tests of hydrated solution polymers at 138°C (280°F) in AP! brine are -
summarized in Tables V and VI. Thermal stability tests of hydrated solution polymers at 138°C (280°F) in AP!
brine are summarized in Table Vil. The solution polymers are prepared by reacting the starting materials
55 and initiators in a 2% potassium chloride solution.’

Procedure
To obtain a 100 g sample of hydrated polymer gel, 97.7 g of deionized water is added to a 500 ml
Waring blendor. An inverter such as a 50% by weight aqueous solution of dimethylbenzyltallow-
60 ammonium chloride is added in an amount of 0.33 mi to the water with gentle mixing. The emulsion
polymer {3.33 g) is quickly added with a syringe while mixing at about 1500 rom. Mixing is continued for 2
minutes. The sampile is left static at least one hour at ambient temperature to fully hydrate before use or
evaluation.
A 100 g sample of hydrated base gel is placed in a 250 mi (8 0z.) glass jar. The sample is purged 30
65 Mminutes by bubbling N, through the sample. The jar is sealed and then piaced inside a purged pressure




The initial testing of the thermal stability of the crosslinked gels is
performed at 82C [err] and is summarized in Table Vil. The pol yners react
with a variety of crosslinkers a%are t%gl for extended 55 periods of.
time at J[err] .The crosslinked p Pe?%fg al uated at [err] and [err]
([err] andye3QP e vedsefiRIplabed iM8 adbil BatiBcthé)ddsirednarhyeiaiire &m maaaduired firosseriop The
concent r at veesel & &eg @entdved antxosied tv ambizhttemparatare SThe sirenle igirengoved 1dieyalpptes). Data

vol ume/ vosughres s Miscogitynd gl candiffonsere recpde® pol yners. The results of these
tests are given in Tables I X and X 60

Procedure Stability tests on crosslinked_pg yfrers are performed by placing
100 g sanpl es of hydrated base gels in 2 H- (8 0z.) glass jars. The
designated anpunt and type of op,@salidkghidySodgerhidis a mcropipette
syringe,, The jars are each sepbigfleranst 1heo (pkepdniAPsimdene he vessel to
coveit he sanple level in the jar. The vessel is placed in an oil bath of
the desired tenperature for the required time perTgm atThe vessel is then 65
removed and cool ed to anbi ent I¥g#H&r at ufdnalthe sadPl’6s ar Figerived and
visual |y eval uatgd 18 EP 1523?*‘?165 I¥is°Pﬂ YE Vi 3 l;I')ner ﬁﬁ"ra;%‘fdabi lity of
Crossl i fiked Gel s—glﬁf-err] i n= i ne 2 & ossl i nker
Tinme at Concentr gpi@f.10ps.p21 .2  2080NCeR{F aid.gn pegger at uge Gel Pol ymner

0 o
ys

(9 Cr osslsbrdoeions.p24 (685 85 otays.0o skVal uati en 50. 40. 10DS. 6K
1.0 Pot a$8i40moDsS.P24 .485 85 008 7.5 1211>ormg_en_eous Pyroanti -
nonay e 3. 40. 10D50610Q.10DS.P230.075 75 Zi.-0@bnidwh 5.0 .2 9 8

rigid Acetate 505201020985 FRS ..085 1 8§ -010 1Gz0r c&rf um 12

: : .4
8 honogen%@;&iﬁ?ﬁfﬁt e with Am ne %Qg gb‘éSODgy 4 1.0

Pot assi um .75 hase rroanti- nonate
50. 40.18DS. P24 10 ZrTToni um .2 .15
ri g|$ Viscosity measured on a Brookfield LVT using a number 1 spindle
> at 6 rpm.
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0.90. 10DC. 124 0.5 Zi rconl um .2 - 2.8

honogeneous Lactate 0.90.10DC. 124 : =< 0.5- Zi rconi um . 6
2.8 rigid Lactate 0. 90, 10DC. 129 . Zirconium : o2
2.8 | i ppi-ng Lactate 0.90. 100EP19232 955035 Zi rconi um
.2 2.8 I|pp| ng Lactatg,py® vyz EP 0 232 965 Bl TABLE IX
Thermal Stability of Crosslinked Cels ar‘%rr‘]‘rn APl Brine Zirconium
Pol yner Lactate ThiemealatSt@hkiant bt i%HSol@oiment rat i on
Tenper at uge Gel Pol ymBplymers at [8§°C (280°F) in APL o (days)
Eval uation 50.40.10DS. 8K . Bring for 22 Hours .15 2.8 2
phase 0.90.10DS. 118 - .5 .6 ' 2 2
phase. 0.90.10DS.118 = Initial#® - Pinal# visdosity 2
phase 0. 99Q. 10DS. 118 .5 Viscosity - 4Viscosity Refained 2
phas¥€0. 90. 10DS. Pb3ymer .'b Pa s (cp) .4pa.s {cp) 4 2
phase 0.90. 10DS. t:8—— .5 . 2 re
| i ppi ng 0.90. 10D§51%’85DS % 5 .017 617 -320 320 52 9 2
phase 0.99. 10DS. £P&20-1905-7% 5 e A - 4 569
hormogeneous 0. 90.; 0‘ : .5131 181 .oﬁ X 25 33 .9
homogeneous 0. 90.7404 ‘5121 121 079 - 49 65 7
honogeneous 0. 90. 71:@381 . Q119 119 .026 - 26 22 14
hormgeneogs 0. 90. 7!)02:031(12188 . 5094 94 043 . A3 46 21
2 pbase 0790. 10DS012810A. 106 .5 .07 &7 0% 28 ¢ 427
honogeneous 0. 90. 5%6){98101)5 X . Sg;g ;‘é -349 . %!73 ggl 10
ipping 0901009 B 5 ok B o 4 st 2
25 0.90.10DS.87 036 36 .055 55 152 -
o 0.90.10DS.12K 025 25 024 24 96 -
R4 0.90.10DS.12K 024 24 .023 23 96
0.90.10DS. 12K 021 21 016 16 76
30 ) . '
# Viscosity measured on a Brookfield LVT using a number 1 spindle
at 6 rpm.
as Tables V, VI and Vil show the superiority of the 0.90.10DS polymer formulation over other polymer

formulations. The stability testing of inverse emuision polymers at 121° and 138°C (250° and 280°F} shows a
loss of viscosity with time except in the case of 70.20.10DS.P43 (see Table IV). This polymer at 1%
concentration at 121°C (250°F) in API brine gives a decrease in viscosity with time until 10 days when a
viscosity increase is observed. This viscosity increase is supported by the 138°C (280°F) studies. The
40 70.20.10DS.P43 solutions appear to crosslink or get thicker after 22 hours. This phenomena is not observed
} using the equivalent solution polymer, 70.20.10DS.7K. This indicates that there may be some differences in
% the emulsion and solution polymers.
The visual evaluation of crosslinked polymers for thermal stability is more difficult than the evaluation
of the base hydrated polymers. The stability of the crosslinked gel is sensitive to the crosslinker, crosslinker
45 concentration and polymer concentration in addition to the temperature. The crosslinked gels are
evaluated on a scale as follows:

1. failure — no viscosity or precipitate forms; i
2. 2 phase — separation of polymer and free fiuid;
3. homogeneous — viscosity present but not a lipping gel;

50 4. lipping — crosslinked fluid which forms a tongue upon transfer;
5. rigid — crosslinked fluid which tries to retain its shape.

The initial testing of the thermal stability of the crosslinked gels is performed at 82°C (180°F) and is
summarized in Table VIIl. The polymers react with a variety of crosslinkers and are stable for extended
55 periods of time at 82°C (180°F). .
The crosslinked polymers are evaluated at 138° and 149°C (280°F and 300°F) in AP! brine at 1 and 0.5%
polymer concentrations. A concentration range of zirconium lactate crosslinker of 0.075 to 0.6 volume/
volume % is used to evaluate these polymers. The results of these tests are given in Tables IX and X.

Procedure .
Stability tests on crosslinked polymers are performed by placing 100 g samples of hydrated base gels
in 250 ml (8 oz.) glass jars. The designated amount and type of crosslinker is added with a micropipette
syringe. The jars are each sealed and then placed inside the vessel to cover the sample level in the jar. The
vessel is placed in an oil bath of the desired temperature for the required time period. The vessel is then
removed and cooled to ambient temperature. The samples are removed and visually evaluated.
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l'i ppi ng O. 905%-3H30nSs 24 1005 zucﬁlmmd 2 » 101%d
| i ppi ng 0.90. 10DS. 131 |5 owemerite 2 14.0
| | ppi ng 0.90513D30uBR4 1.0 5  Zzircenium 4.6 3 Fige 2
Lactat '
Ioi -g;ieng' 85. 19P%0 h8fs.r2a 1.0 Zizconium ' 5 4. (rigia
: . - Lactat
50.40.10DS.P24 1.0 zirccn‘iaum -4 10 rigid
) Lactate
50.40.10DS.P26 1.0 Zirconium 4 3 rigid
Lactate L els
50.40.10DS.26 1.0 Zirconium .4 5 rigid
: Lactate
o 50.40.10DS. 25 1.0 Zirconium 4 19 rigid
N Lactate.
55.40.5DS. 5K 1.0 Potassium 4 8 homogeneaus
Pyrcanti- :
monate
55.40.505.5K 1.0 Zirconium .2 8 rigid
: Acetate
55.40.50S.5K 1.0 zirconium .4 8 hemogeneous
Lactate with
Amine ' '
55.40.5D5.P27 1.0  Zirconium .4 3 rigid
Lactate
55.40.5D5. P27 1.0 Zirconium .4 5 rigid
Lactate
55.40.5DS.P27 1.0 Zirconium 4 10 rigid
Lactate
0.90.10DC.124 0.5 Zirconium .2 2.8 homegeneous
Lactate
©0.90.10DC.124 0.5 Zirconium .6 2.8 rigid
Lactate
0.90.100C.129 0.5 Zirconium 2 2.8 lipping
Lactate '
0.90.10DS.123 0.5 2irconium 2 2.8 lipping

Lactate




0.95.5DS. 130 .5 .2 4.0 honbgeneous*

0. 95. 5DS. 130 .5 o2 4.0 2 phase *
The sanpl e contai ned 10% by wei ght 12- 200 mesh dol onmite. 20 EP 0 232 965

Bl Exanple 8 A vicinal diol cont [ is prepared as follows. 100
g.of a 1% active solution of a c%ﬁoﬂ%%meA and acrylam de in equal
mol e percentages are adjusted to a é!éllﬁo Wi t h sodi um hydroxi de. This
sol ution is reatepshll 8fatNeeNQHICrabs BNREE He1d QP EISVCUL SBONMFY N D APP BHiQE
glycidol. The resulting reaction 5 mxture (gel) 1s crosslinkable wth
zirconium | actate and shoy,vs1 better trﬁ%’Eﬁ%ﬂ*“@t abiljty than the starting

DVAENA- acr y| ami de copolaa:cesnt%mncr@&é ReE o tharde E‘em' um lagtate. O ains
10 1. @:of treat#ng a hi gh t esperat ur e(day terraﬂﬁaaahq,rnnatlon
whi ch corrp%{)j S&S ﬁ ct| ng said formation with a highly viscous gel forned
of & aque r Xa crosklinking agemt® and a watteP- sol ubIB#a8®| yner

cont ai ni ngocsrcnaabs rllmbl e viginal diol greups and derived by ghga&ting in an
aqueous soptﬁq -3A0% WAt er - s ubl e vinyl wononer or pol yner 2 heesef, which

mononer i sg&mg %Eg% %ig ani ng having the fbrmula: [efr] 50 v@é’t"é?‘h [err] is
hydr ogen ob JEL 219 1S oxsygen or NH[&rr] and [enr] are pfndently
met hyl or eth ; nis 2 or ; and [err] is a hal ogen, [err] wth at | east
one reacti gté % g«i%ﬂdu ol --X¥orning or -cqntaining cofrpoundz Sbkeeted from -
gl yci dol o & 0-1, i pr opanedi ol %7555 2. *Jhe us%gmgehjﬂgghl y

vigcous gel for treating a high tenperature subt err anedn formatlon sai d
gel bei ng s'01‘11 n aqueous fluid, a-ZrosslinkaBlle agen'uomaeln@us

wat er - sol u§>1ﬁ; “Pons/ie cont%oni ng cross-:3inkabl e ici nal ;‘?ﬂ IEITUPs and
derived frm.raoalommmmer by rseacting in ansaqueous sgl ution Iibnlbﬁélﬂi‘oussm ubl e

vinyl_ monofred- b%@%ymer -t5hereof whi c+§5rmnorrer |1§ a tert%’a’Pg"Qam ne havi ng

t he fJ5FWU|é1906 5 7 homogeneous
0.90.10DS5.118 1.0 .6 .9 lipping
0.90.10nS5.118 1.0 .9 lipping
0.90.10DS5.118 1.0 3 .9 lipping
0.90.10Ds.118 1.0 .15 .9 lipping

TABLE X
Thermal Stability of Crosslinked Gelsat 138°C (300°F) in API Brine
Zirconium
Polymer Lactate Time at
_ Concentration Concentration Temperature Gel
Polymer (%) (%) {days) Evaluation
. 0.90.100S.118 .5 .3 0.9 ippi
NS 0.90.10Ds.118 .5 .3 1.8 % gg;:g
N 0.90.10DS.118 .5 .25 0.9 lipping
0.90.10DS.118 .5 .25 1.8 2 phase
0.90.10D5.118 .5 .2 0.9 lipping
0.90.10Ds.118 .5 .2 - 1.8 lipping
0.90.10DS.118 .5 .2 4.0 lipping
0.90.10Ds.118 .5 .15 0.9 lipping
0.90.10Ds.118 .5 .15 1.8 lipping
0.90.10D0S.118 .5 .15 4.0 lipping
0.90.100S.118 .5 .1 0.9 homogeneous
0.90.10DS.118 .5 | 1.8 lipping
0.90.10Ds.118 .5 .1 4.0 homogenous
0.90.10DS.118 -5 .05 0.9 homogeneous
0.90.10D0s8.118 .5 .05 1.8 homogenous
0.90.10DS.123 .5 .2 0.9 lipping
0.90.10D8.123 .5 .2 1.8 lipping
0.90.1005.122 -5 -2 3.7 lipping
0.90.1008.131 .5 .2 6.0 lipping
0.90.10DS5.131 .5 .2 10.0 lipping
0.90.10DSs.131 .5 «2 14.0 lipping
0.90.100S.131 .5 .6 4.0 2 phase
0.85.15DS8.132 3 2 4.0 lipping
0.95.5D5.130 .5 -2 4.0 homogeneous*
0.95.5D5.130 .5 .2 4.0 2 phase

* The sample contained 10% by weight 12-200 mesh dolomite.
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EP 0 232965 Bl Exanple 8 A vicinal diol containing polyner is prepared as
follows. 100 g of a 1% active solution of a copolyner of DMAEMA and
acrylam de in equal nole percentages are adjusted to a pH of 10 with sodi um
hydroxi de. This solution is reacted for one hour at anbient tenperature
with 0.15 g of glycidol. The resulting reaction 5 m xture (gel) is
crosslinkable with zirrconiumlactate and shows better thermal stability
than the starting DMAEMA- acryl am dgpcor232988 B1en crosslinked with
zirconiumlactate. Clainms 10 1. A nethod on treating a high tenperature
Subt et ranean (A bilon i Dok AL C Socts ?3,5’.5@; A8 oP£1f kO b3} oo
hi ghl'y Vi SCOMAE@RIand SETBRIA in €RlalHE Bhiontanbl die adlustddas § PHRK0WGitAGRINM FFoxide.
wat er - sol ubfrigs gnltishBireaded fationé Ndir 81 dokbidnt 1BMpEhwrewithional otigigdidoy v mesulting deaction
derived vy midure [ael) is grosstinkakie with giroonibmtlactate endshpws bettet thiimal stabifity thap thertartingr
pol yner t heP¥BEMARETYiamidssaRabiner when crpgsfipked wWith ZifFPpiumipitate g t he fornul a: 15
H2C =C - ciins®0 , _ [err]
wherei'n [err] 1s hydrogen or nmethyl; Y is oxygen or NH, [err] and [err] are
i ndependent | y nieghod of trestitiy/a higinteirpedtute subterrankdn foemation, which combrisge pntacfiney sa
or [err] wi fopmationwithathighiyvisceusgel foemead of pmagueeysdiuid. § erpeplinkinggent aph? HP‘ﬁi'mbe

comound <cERTHCIPARIVHENN Jo s e NI S

The use of a y VI'sCcous reating a tenperature
su%erranean formati on, said gel- being formed of an aqueous fluid, a
crassl i nkabl e agent and a water-sg_¢bl.ecpoLynrr containing cross- |inkable

vicinal diol groups and derived fr a nonmer *by reacting.in an aqueous’
sol u{kiw-on a water- soluble vinyl monomer & or p8I ynmer thereof, which nononer
is aterpdary amne having the formul a: 760 65721 EP 0 232 965 Bl [err]
40 wherein [err] is hydrogen or nethyl; IY is oxygen or NH, [err] and [err]
are independently nethyl or ethyl; nis¥2 or 3; and [err] is a hal ogen,
[err] or [err] with at |east one reactiv|e'vi cinal diol- formng or

- cont ai np,)g conpound sel ected from gl yqicgip!y and the .

3-hal 0-1, 2-propanediols. 3. A nethod or P&e“accor ding to claim1l or 2,

wherein [err] is methyl, [err] andR[err]Nare ciach,rrethyl, nis 3 and
- 37 - 74

30
or

o H,C = C - R

)

|

c

I

40 Y
J

45

50

wherein R, is hydrogen or methyl; Y is oxygen or NH; R, and R, are independently methyl or ethyl; nis 2 or
3; and X~ is a halogen, 1/2(SO,)~, CH;S0,~, C,H,SO,~ or CH;COO™; with at least one reactive vicinal diol-
forming or -containing compound selected from glycidol and the 3-halo-1,2-propanediols.
55 2. The use of a highly viscous gel for treating a high temperature subterranean formation, said gel
- being formed of an aqueous fluid, a crosslinkable agent and a water-soluble polymer containing cross-
linkable vicinal diol groups and derived from a monomer by reacting in an aqueous solution a water-
soluble vinyl monomer, or polymer thereof, which monomer is a tertiary amine having the formula:

60

65
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X- is [err] 45 4. A method or use according to claim1l1l or 2, wherein
[err] is methyl, [err] and [err] are each nmethyl, nis 3 and Xis [err] 5.
A net hod or use according to claim1 or 2, wherein [err] is nmethyl. 6. A
met hod or use -according to any pp 0/23296% B? 5 wherein said water-soluble
polymer is a copol ynmer or a terpol yrrer of a said nononmer with other nononer

copol yneris ew th. Q 'Jm’fi kﬂgmﬁ
wher ei n W ICI jﬁdlo?oontaml olurglerlbi%rggsggd az@é’fﬁ'ﬁﬁﬁf Eﬁﬁgpba%ﬁ‘% 5 ﬁ%&dﬁ ks Iﬁ\, v
acryl ami dmssaeﬁdaas:re calfordae anwteam.elﬂeraumt Yhg cnydoidsiLTHe casultindr@adion
sodi uns stnyixtenedgediis frossiinkable Witly zirpphiurd Igstate aldisbievechetterdhermphstabifitycthancthe Starting
met hod oPMAFMARCTSFiHe fPalgnes MRPHErgssiinkpréwith Hrcaniir laiateer - sol ubl.e pol yner is a
copol ynerg g{. met hacryl am dopr opy! di net hyl - 2, 3- di hydr oxypr opyl anmoni um
sul fate an 7\I N-di et hyl acryl am.de, or 55 of
met ﬁéc:byl am.aapetivgayaf deating & high f2mperdiulfesib@anesroipsnhaaitmyBhich norsitises dodkacting elaud
N, N- di metférpatianwi thamlm vrssousmehfetnmwfmaqys@Sé!eldmmaq'grkmamyar@fa veatesisolablg 1t o
8, wher eiPRVEE] epniaiigro 9 gﬂ groups| and deriyeq by, FRacting dp a1 pgug ;e“;’%'aw;% and
conpl exes "Eﬁ"s%’b W'éﬁ 5‘8?”&"5{% Brepa T MANORIEL R @ ertanK ALY Pl iER e fyrm e
Behandkung ei ner unterirdi schen For mation hoherTerrperatur be| dem di e
Formation mt ei nem hochvi skosgneGgl ¢ci n_Beguhrung gebracht wird, das aus
einemw lrigen Fluid, einem Verr?etzurlgsm tt®l und ei nem wasser| osl i chen
Pol ymer mt vernet zbar en vicinal en | gr ugpen gebil det 65 wird, und das

n

Pelynef aus ei nem wasserl 6slichen Vi Flyl fro das eif tertiires Am n der
For el ir EP 0 232965 Bl H2C C] - RIC =5C
O. 10 Y (CH2)n R-3 _ R4 15
oder 20 HC C-R | l
:;;:25 - ((iHZ)n
: R3_ N — R,
30
or
35 | CH,C = (:I" .Bl
17
.' 40 Y
N ; I
45 L -
. R _ X
R3 “‘ R4
H

50

wherein R, is hydrogen or methyl; Y is oxygen or NH; R, and R, are independently methyl or ethyl; nis2or -
3; and X~ is a halogen, 1/2(S0,)", CH,S0,~, C.H,S0,~ or CH,CO0~; with at ieast one reactive v:cmal diol-
forming or -containing compound selected from glycidol and the 3-halo-1,2-propanediols. .

55 2. The use of a highly viscous gel for treating a high temperature subterranean formation, said gel
being formed of an aqueous fluid, a crosslinkable agent and a water-soluble polymer containing cross-
linkable vicinal diol groups and derived from a monomer by reacting in an aqueous solution a water-

" soluble vinyl monomer, or polymer thereof, which monomer is a tertiary amine having the formula:

60

65
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2 1 C 025 1 30

2C nl+ R _ N R . X 36 -

Hy~~~~~~~ 35 . ‘ 3 in der RL Wasserstoff oder
Met hyl , Y Sauerstoff oder NH, REPuG2329685aBlangi g vonei nander Met hyl oder.
Ethyl, n = 2 oder 3 und X- Hal ogen, 112 SO4-, CH3S04-, C2H3S04- oder
CH3COO sind, oder dessen Poly 2C4T)cdl]'rcﬁ‘1Urrsetzung mt weni gstens einer
reaktiven, vicinales Diol bildenden ofer enthaltenden Verbindung, K-'

die us @ ycidol und 3-Hal ogen-1, 2-prdpardi ® ausgew hit wird, in w Briger
Losung erhalten wird. 2. Verwendung s}nes hochvi skosen Gel s zur Behandl ung
ei ner unterirdi schen Formation hoher ,!Terrperatur; das aus ei nem waBri gen

Fl ui d, -ei nem Vernetzungsnmttel und ei pem wasserl oslichen Polyner mt

ver net zbaren vi ¢i nal en Di ol gruppen gghildet. wird, welches aus ei nem

wassgf I 'oslichen Vinyl nononer, 45 da ihtertiares Amin der Fornel 3

50 | | H2C= C- 450
2 iRC C - R 1 | ss R3 — N - R4 | odor 2)n
| (CH2) 60 1 o :

+~4- R N R4 _ 3 4X 65 23 1
wilill 122ii 122171 11ill 11 1111 J, EP 0232 965

Bl in der R Wasserstoff oger Methyl, Y Sauerstoff oder NH, R3 und R4
unabhangi g vonei nander Methyl oder Ethyl, n = 2 oder 3 und X- Hal ogen, 1/2
S04-; ¥BH3S04-, C2H3SO4- oder CH3COO- sind, oder dessen ‘Pol ymer durch
Urr%gt zung mt wenigstens einer reaktiven, vicinales Dol bildenden oder
ent hal t enden Ver bi ndung, die abisC G i-d®); und 3- Hal ogen- 1, 2- pr opandi ol
ausgewahlt wird, in wagriger Losung prhalten

25

. cC =0 .
o |
' Y
%0 -
(CH,)_
R, - )!"' - R X~

35 : 3 ‘ 4

' H

40 wherein R, is hydrogen or methyl; Y is oxygen or NH; R; and R, are independently methyl or ethyl; nis 2 or
_ 3; and X" is a halogen, 1/2(S0,)~, CH,S0,~, C,H,S0,~ or CH;COO~; with at least one reactive vicinal diol-
\_ ; forming or -containing compound selected from glycidol and the 3-halo-1,2-propanediols.
SN 3. A method or use according to claim.1 or 2, wherein R, is methyl, R; and R, are each methyl, nis 3 and
X~ is 1/2(SO,)".

45 4. A method or use according to claim 1 or 2, wherein R, is methyl, R; and R, are each methyl, nis 3 and

X is CI™.

5. A method or use according to claim 1 or 2, wherein R, is methyl.

6. A method or use according to.any of claims 1 to 5, wherein said water-soluble polymer is a
copolymer or a terpolymer of a said monomer with other monomer copolymerisable therewith.

50 . 7. A method or use according to claim 6, wherein said other monomer is one or more of N,N-
dimethylacrylamide, acrylamide, methacrylamide, 2-acrylamido-2-methylpropanesuifonic acid, sodium
styrene sulfonate, N-vinyl-2-pyrrolidone and acrylic acid. '

8. A method or use according to claim 7, wherein said water-soluble polymer is a copolymer of
methacrylamidopropyldimethyl-2,3-dihydroxypropylammonium sulfate and N,N-dimethylacrylamide, or

55 of methacrylamidopropyldimethyl-2,3-dihydroxypropylammonium chloride and N,N-dimethylacrylamide.

9. A method or use according to any of claims 1 to 8, wherein said crosslinking agent is selected from
water-soluble salts and complexes of mutivalent cations.

o Patentanspriiche

1. Verfahren zur Behandlung einer unterirdischen Formation hoher Temperatur, bei dem die Formation
mit einem hochviskosen Gel in Beriihrung gebracht wird, das aus einem wéfrigen Fluid, einem
Vernetzungsmittel und einem wasseriGslichen Polymer mit vernetzbaren vicinalen Diolgruppen gebildet

65 Wwird, und das Polymer aus einem wasserléslichen Vinylmonomer, das ein tertidres Amin der Formel  _
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54wi rd. 3. Verfahren oder Verwendung nach Anspruch 1 oder 2, dadurch
gdkennzei chnet, daB R1 Methyl, R3 wund R4 jreweils Methyl, n = 3 und X- 1/2
SQ4- sind. und R4.jeweils Methyl, n = 3 und X- C - sind. 5. Verfahren oder
Ver wendung nach Anspruch 1 oder nnzei chnet, das Rl Met hyl
ist. 6. Verfahren oder Vermndunémiﬂgé%%éﬁr Anspruche 1 bis 5, dadurch
gekennzei chnet, daB das masserlo§ikaeCPoLyn§r ei n Copol yner oder

Terpol ymer des Mononmers nit andereT, damit cobol ynmeri si erbaren Mononeren
ist. 7. Verfahren oder Verwendung nach Anserch_G, dadur ch gekennzei chnet,
daB das ,andere Monomer sines oder mehr& e=deP Mononeren

N, N- Di net hyl acryl am d, Acryl am d, N@thakrylanid, 2- Acryl am do-2- 7s

nmet hyl propansul f onsaure, Natriunstyrol Sul fonat, N Vinyl-2-pyrrolidon und
Acryl saure unfa~t. 8. Verfahren oder Vefwendung nach Anspruch 7, dadurch
gek&gnzq%chnet, daB das wasserloslich lyynere ein Copol yner aus

Met hacry anidopropyldinethyl-2,3-dihydrfﬁyﬁropylannnniunsulfat und

N,,N-Di et hyl acryl am d oder aus
Nﬁthacrylanidopropyidinethyl-2,3-Eghydﬂbxypr§pylannnniunchlorid und
N,iN-Di net hyl acrylamd ist. v . 20 9. Verfahren oder Verwendung nach ei nem
der AndeCbhe 1 bis®8, dadurch gekennzei chnet, da6 das Vernetzungsmttel
aus wasser| 6sligdaen Sal zen und Konpl exen nmehrwerti ger Kationen ausgewAhlt

i st. Revendications 25 1. Proc6de de traitenent d' une formation
squterraine A tenperature el evee, selon | equel on net €n contact ladite
fd\ﬁ%tidﬂ_avec un gel tres visqugug £ognb partir d" un fluide aqueux, d'un
agent de reticulation et d' un pol ¥nerelsol ubl e dans |' eau contenant des
grioupes di ol vicinaux r6ticul abl es, qu?are'en fai sant reagir, dans une
sol uti on aqueuse, un nononere vinyliqu% sol ubl e dans |'eau ou un 30

pol yner e?*de cel ui-ci, ce nononere 6tantl une amine tertiaire, de fornula:

HOC =€ - RL 35 C OY 40~~~~~~~~ 40 Y
| (CH2)n 2 45 | \ 3 4 ou HC =
C- R
| 30 (C‘HZ)n
- N'-R X
R3 ‘ 4
35 : B

ingi inander Methyl oder
i der Methyl, Y Sauerstoff oder NH, R, ung R. unabhéngl_g voneinan
IEnt:::lr : ;V;a::::sst ?Jfrf\: X~ Haloan, 1/280,~, CH3;S0,", CleS%O.| bglt:ler (;i;:‘c‘(,)dtzr :lnnt:,a (l’t:?\rd :?‘s:s’zr:;ﬁzm:r
' s . . . . m » en X
40  durch Umsetzung mit wenigstens einer reaktiven, vicinales Diol bildence! r B
i ] b ahit wird, in wiBriger Losung erhaiten
o/ die us Glycidol und 3-Halogen-1 .2-propand|ol ausgew p RGO o Formation hoher
" 2. Verwendung eines hochvnskosen_ Ge.ls zur Behandlung e e arlbslichen Polymer
, s einem wafrigen Fluid, einem Vernetzungsmittel und el vas A .
:\eitcn\?eirettigadra;avl;cinalen Diolgruppen gebildet wird,_ welqhes aus einem wasserléslichen Vinylmonomer, |

45 das ein tertiares Amin der Formel : :

1

s0 H.C=C - R
C = 0 ‘

i 55 Yl oder Y‘
| (c‘nz)n
(cH,) _

60 | 2 R, - N - R, X~
R3 — N - R4 l}

65
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21 90 55 1 (CH )2 60 ~ 2n R I N
-R X 65 L H 24

114H 111 . EP 0 232965 B1 dans Iaquel | e RL repr6sente un atone

d"hydr ogene ou,un gr oupe nbt hyI e; EP 0232 9661 B‘lun at one d oxygene ou un

gr.oupe. NH R4 repres end hac y)d > ou
ETIE oA 2 v A T SRR T Do
groupe 1/ 2p r' dukehltfa{edtzung (i en, aiylﬁélesablolmﬂbéh%e#‘ QdeG @RASIRRden
reactif CONerbinauvg, dieaub leniammdmwogsu-ps- pe:hdnor au;sgméh;t wirii,on Wilsrqaarmsunberhslten

gl yci dol ® t”"!’es ro an di ol s. | sation d un gel

Vi Squeux pg,!,yn‘ g{agggiﬁawgﬁﬂ’ fggrw. Gt ot s R Moty

t enperat ur gng g mdf ul de aqueux, d'un agent de

reticul ation aeverd 1é oD My R NG aicuhhaorabanadbr 2 atufeh REKRArEBIthnd BafOm, E¥aG istli Ol
vi ci Raux’r 6t |6cv|érf§tubegder &eMpmﬁlcpanﬁhamptarden Anspriche Trhisfo deluech gpkehaeisionet, dafodegi r
e ogery Tapplymere deto | Masomeamit pndemn. Amiln

dans une sUi’iﬁ'E s"ﬁj' b et
pol ymer e d%° ioderrii ﬁﬁﬁmﬁ gl BLaallih Glbfichf! do 'dssggngse ol
H2C = C &in 5)der mehrere der Monomeren N,N-Dimethylacrylamid, Acrylamid, Methacrylami mido-2-
| 20 5 methylpropansulfonsiure, Natriumstyrolsulfonat, N-Vinyl-2{p{girblidomurddAcrylslire umfaBR4 3
4 >g 25 8. Verfahren oder Verwendung n@th Asgruch 7, dadyrciggekennzeichnet, daB das wasserldsliche
C=0 35 " Polymere ein Copolymer aus Methacrylamidopropyldimethyl-2,3-dihydroxypropylammoniumsulfat und
N,N-Dimethylacrylamid oder aus Methacrylamidopropyldimethyl-2,3-dihydroxypropylammoniumchlorid
_ und N,N-Dimethylacrylamid ist.
\_ 20 9. Verfahren oder Verwendung nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, daR das
Vernetzungsmittel aus wasserloslichen Salzen und Komplexen mehrwertiger Kationen ausgewahlt ist.

Revendications
25 1. Procédé de traitement d'une formation souterraine & température élevée, selon lequel on met en
contact ladite formation avec un gel trés visqueux formé a partir d'un fluide aqueux, d’'un agent de
réticulation et d'un polymére soluble dans I'eau contenant des groupes diol vicinaux réticulables, et
préparé en faisant réagir, dans une solution aqueuse, un monomeére vinylique soluble dans I'eau ou un
polymére de celui-ci, ce monomére étant une amine tertiaire, de formule:
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(9 2) 401 dans “aquel l e Rl repr6sente un atone d' hydrogene ou un groupe - ¥
néthyle Y represente un atone, d oxygene ol un groupe NH R3 et R4 ;
repr 6sent ent i ndépendament chacun un groups nbthyle ou ethyle; 45 N est
egal a 2 ou 3;+et X- represente un ghggggﬁgpgthdne, un groups 1/2(SM)j,
CH3SOM , C2H 3SQ ou CH3COO ; evEP conpos6 r6eactif contenant
ou f or mant dau# \agaetd (75 rdbr@denwilmi didthe d'@ydogehe Pafufi grdupe Ghéstiietl &l représen@Sun atome
3-hal o-1, 2dw gana Qe th grpupe NBi; Ryt meoﬁmtutdéqugmmmc@eln@n gloype méthyieiducsthyl
8Eagund3ns I-rﬁgg@ gJ}E:gM ’3? gr?go?rt\?@:%%a °ﬂ nane?u f@nggzuunggt(ﬁg‘)lg vbchnggchmm parm 4em‘|
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dans laquelle R, représente un atome d'hydrogéne ou un groupe méthyle; Y représente un atome
d’oxygéne ou un groupe NH; R, et R, représentent indépendamment chacun un groupe méthyle ou éthyle;

45 N est égal & 2 ou 3; et X~ représente un atome d’'halogéne, un groupe 1/2(S0,)~, CH;S0,", C,H,S0," ou
CH,COO"; avec au moins un composé réactif contenant ou formant un groupe diol vicinal, choisi parmi le
glycidol et les 3-halo-1,2-propanediols.

3. Procédé ou utilisation selon la revendication 1 ou 2, dans lequel R, représente un groupe méthyle, R,
et R, représentent chacun un groupe méthyle, n est égal a 3, et X~ représente un groupe 1/2(SO,)~.

50 4. Procédé ou utilisation selon la revendication 1 ou 2, selon leque! R, représente un groupe méthyle,
R; et R, représentent chacun un groupe méthyle, n est égal 8 3, et X~ représente un ifon CI~,

5. Procédé ou utilisation selon Ia revendication 1 ou 2, selon lequel R, représente un groupe méthyle.

6. Procédé ou utilisation selon 'une quelconque des revendications 1 & 5, selon lequel le polymére
soluble dans I'eau est un copolymére ou un terpolymére dudit monomére avec un autre monomeére

55 copolymérisable avec celui-ci.

7. Procédé ou utilisation selon la revendication 6, selon lequel ledit autre monomére, comprend un ou
plusieurs des composés choisis parmi le N,N-diméthylacrylamide, I'acrylamide, le méthacrylamide, I’acide
2-acrylamido-2-méthylpropane sulfonique, le styréne sulfonate de sodium, la N-vinyl-2-pyrrolidone et

"I’acide acrylique. .

60 8. Procédé ou utilisation selon la revendication 7, selon lequel le polymére soluble dans I’eau, est un
copolymére du sulfate de méthacrylamidopropyldiméthyl-2,3-dihydroxypropylammonium et du N,N-
diméthylacrylamide, ou du chiorure de méthacrylamidopropyldiméthyi-2, 3-dihydroxypropylammonium et
du N,N-diméthylacrylamide.

9. Procédé ou utilisation selon I'une quelconque des revendications 1 2 8, selon lequel Iagent de

65 réticulation est choisi parmi les sels et les complexes solubles dans I'eau dérivés de cations multivalents.
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