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THERMALLY EESPONSIVE AQUEQUS SILICATE MIXTURE"

’ BACKGROUND OF THE II\IVENTION
Field of the Invention |

ThlS mvenuon relates to a composition and method for greatly increasing the divalent

ion tolerance of silicate gellmg systems More specmcaﬂy, the method and composmon of

the present invention greatly increases the effecﬁveness of such gelling- systems employed in

" petroleum reservoirs.

Description of the Prior Art -

In oﬂ field operauons the production of eXCess quanunes of water causes major
economic loss due to decreased oil productlon, increased lifting costs, a.nd mcreased -
separation and disposal costs associated With large armnounts of produced water.. Other |
prbéucﬁon-relaied problems include iﬁqrease_d corrosion rates and an incr;easéd tenaency for

emulsion and -scale formatioﬁ. Theréfore, fhere is a critical need to reduce excessive water
production.

Geﬂing polymers for water shutoff in petroleum reservoirs have been ektensi*vely
evaluated. " Based on such evalﬁaﬁons, the sodium silicate gel system has been ideﬁtified as
providing significant adVantagés'for usev in water shutoff. These advantages include
significantly lqwer cost, better control over gel time, environmental safety, high temperature

stability and stability of the gel components during shipment and storage. However, silicate
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‘gels also have an inipoj:tantdisadvantag‘e: Specifically _they are s:ensitive to ‘high ealcium and
magnesium ooncemrati.oris. - ” |

U.s. Pa’eeﬁt No. 4,640‘,36,1 discloses that the addition of divalent ions, such as
caloium or macﬁesium ion, to sodium silic‘ate solutions will cause immediaee gelatio‘n of the
solution. However th1s is hlghly undes:rable in treating Well formauons because miany
formatlons contain brines that are hlgh in dwalent ion conoentratmn As the sodmm silicate
solution comes in contacf; with the formation brine, ‘premame gelling will result that prevents
the so.dium silicate solution from completeijr entering the foﬁnation;

i Aqueous silicate solutions that are crelled or solidiﬁed,with acid—pro&uciog activatoré
"are well—]mown and have been used in various- applications, mcludma grouting processes and
‘in. seahncy and consohdamon processes in subterranean Well formations. Some examples of

such apphcahons are disclosed in U.S. Pat. Nos. 3 202 214; 3,375,872 and 3,435, 899

In alkalme solutmn sodlum sﬂxcate contams various molecular WeIght silica
polymers. When sodlum silicate is ac1d1ﬁed to a pH value of less than 10.6, a three—
'dlmensmnal network of smca polymers forms that creates a gel. A slight decrease in the pH
greatly reduces gel time. As a result, gel times are difficult to control by the addition of
acid.

Thermally responsive sodium 'sﬂicate solutions eniploy an activator that resolts in
gelation only after the solution is heated. Thermally reeponsive activators are disclosed in
U.S. Pat. Nos. 4,293,440; 4,384,894; 4,640,361 and 5,320,171,

Gels have been used as blocking and diverting agents to treat injection and production

wells for more than five decades (U.S. Pat. No. 2,402,588). Several factors determine the
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success of 2 gel tieatment in the field, including candidate selection, identification of “the
soufce water, proper choice of the gelling system and placenient of 'thé gel i‘ntc‘)‘t.he target
zone.

U.S. Patent No. 4,137;087 employs alkali §ﬂicates, ‘metal ions from the grdup
APF, Re**, Cr°* and Sp*t, and ligands from the éroup coﬁsi;ting of |

| éthyiénediaminetetraacetate, diethylenetﬁaininepen;aécetate, |

| N'~(ﬁydrdiyethyl)etﬁyl;nediaminetetraacetate, nitrilotﬁacétate, and 1—3—.
propanediamiﬁet-etraacctate, whic;h qu;es the silicate éolution by eva;poraﬁon. There isno

A- disclosure of temperature activated gelation in U:S. 4,i37;087. ‘

U.S. Patent No. 4',732_:,213 empléys a chelating agent and a divalent ioﬁ such' as
calcium ién, o forﬁ a létent gélling agent. However, this pateﬁt is directed to colloidal
silica gels, ﬁdt sodiom si]ic_ate“ géls. 'There' are sigﬁiﬁcau;c and distinct différences in, the
behavior of colloidal silica gelgvxfé;sus sodiun; s'i]icate» géls.

It is, ac,cordinglj, an object of the present invention to provide a composition. éﬁd a
method for gelling ai;ﬁeoussilicate compositions by usipg thermally. responéivé gclat;ion |
activators which reduce the production of excess quantities of Wéter, reduce corrésion rates
and decreése the fendency for emulsion and scale formation. This gelling conﬁposition

exhibits divalent ion tolerance.
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' SUMMARY OF THE INVENTION
The present invention cootempiateé the tréatment of éubten;aﬁeaﬁ well formations to
plug or seal a zone in said formation with an aqueous silicate solotio‘n contéining an 511341‘1
metal silicate,’ at least one activator and'a mixture.of a ohelating égent and a phosphoné.te fo
achieve the desired thermal responsiveness and produce the desired-t'olerance to divﬂent ioms. -
It has been found that the combmed or Jomt use of a chelating agent and a
phosphonate serves to increase the d1va1ent ion tolerance of the silicate soluuons In other
: words to mh1b1t the rate Of gel formation or premature gelatlon to a much greater €xtent
than that which. occurs when either chelatlng agents or phosphonates are used separately or
mdividtany. |
| By means of the composition and inethbdof the present invention }improved coﬁtrol
| .over the gel time of eilicate soluﬁons is achieved in the presence of divalent ioms., I_n‘
addition, a high level of temperatu:ce stablhty is mammned as well as etabxhty of the gel

componenis during shlpment and storacre

DETAILED DESCRIPTION OF THE INVENTION

The silicates which can be employed m the coolposition and process of the present
invention are the water-soluble silicates Wh;:LCh form silicate polymer chains or which form a
gel upon acidification. The preferred silicates are those of the aﬁgali metals,particul‘aﬂy
- sodium, potassium, and combinations 'thereof.. These silicates aie commercially av'aﬂable as
dry powders, or as ooncentrated. aqueous solutions containing 38 to 55 parts solids per 100

-

parts of solution, and having a pH in the range of from about 10 to about 13.
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In treating subterranean well formaﬁons in-accordance with t’rre present irxvenr;,ion, the
‘aqueous silicate solutiorl is mixed with one or more arctivator§ to achieve the desired thermal
respons.ivenes's Any of thé activators ~disclosedyin U. S Patent I\:fbs 4, 293‘440 4, 384 894,
4,640,31 and 5, 320 171 the specxﬁcaﬂons of Whlch are mcorporated herein by reference,
can be employed Exemplary activators are sodmrn tnchloroacetate trichloroacetic ac1d
Vethyl trichloroacetgte, ethylacg%ate, hydrochloric acid, .sodium triclﬂorqaceta.te, trichloroacetic
acid, erhyl trrqlrloroacetate, ménnitol,_ glyéérol,’ srlcrose, Iacrose, dex'troée, fructésé,
galactose, mannose, maltose, }rylose, and urea, With~ uréa being preferred.

The aqueous silicate solutron raaust also contam a mixtore of at least one chelating
agent and at least éne phosphonate to produce the des1red tolerance to drvalent ions to avord
premature gelation. |

Exemplary of the chelatmg agents which can be employed in accordance wﬂh the
present mvenuon mclude propanedrammetetraacetate dlethylenemammepentaacetate
N-hydroxyethylenediamine triacetic acid, hydroxyeﬂlyhmmodlacem ac:1d m‘mlotrxacetate
and 1—3—propaned1anuneteu:aacetate A concentration of from about 0.5% to about 3.0%, by
weight, of chelating agent has been fourid to be effective in thc prcsent process.

Exemplary of the phosphonﬁtes which can be employed in conjunction with the
chelating ‘agentsi are soriiur'n phosphonate; phosphonic acid, diethylénetriamin‘e
pentamethylene phophonic acid, methylcﬁephosphoﬁate, as well as their derivatives.

A phosphonate concentration of about 40ppm to about 200ppm has been found to be effective

in the process of the present invention.
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In accordance w1th ‘the compos1t10n and process of the plesent mventmn, gela_tlon .
occurs at a temperature between about 100°F to about 350°F, preferably between about
120°F to about 200°F.

| Tbe following examples will serve to more comprehensively lustrate the prmeiﬁiee

of the invention, but are not intended to limit its scope.

Example i

In all of the folldwing examples, 5 mL of a sbdiuﬁ:t silicafce éolutipn. (containing 9 -~
wt% sodium silicate and 3.‘6, m% urea) was added to a series of screw cap faest. fibes. The
test tube was stirred using a vortex mixer and a calculated volume of divalent fon was added .
as a 4 g/L solution. Increasing amounts of a divalent ion, either caleium Or magnesium '101.1
were added to the test tube serieé The samples were heated to 65°C for one hour allowed
1o cool, and thelr appearance was recorded These examples demonstrate the concentraﬂon

~ of divalent ion at whlch prec:lpltatmn begms to occur in a sodium silicate solution.

Table 1. Divalent Jon Sensitivit\; of Calcium Silicate Solutions

Divalent Ion ( Concentration Regquired
te Cause Precipitation
- Calcium Ton- . : 80 mg/L
 Magnesiom Jon B BN : 225 mg/rL\

The results set forth in Table 1 above demonstrate that sodium silicate solutions react .

at low concentrations of calcium and magnesium ion to form a precipitate.
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' 'Ezjcample 2
The procedure of Example 1 was followed. In addit_ion, however, increasing
concentrations of nitrﬂofriaéeﬁc acid trisodium salt monchydrate (i\fTA) were employed.
‘ The resuité obtained are set forth, in Table 2. |

Table 2. Divaile’nt“ Ton Sensitivity of Calcium Silicate Solutions with NTA ‘

NTA Concentration, wit% Divalent Ion Concentration Reqliired to .
: v : Cause Precipitation
Calcium © Magnesium
0.5 500 -
1.0 670 364
2.0 800 -
3.0 © 1330 670

It can be seen from Table 2 that NTA increases the tolerance of sodium silicate to
‘both calcium and inagnésium ions; as the NTA concentration increases,'the divalém: ion

tolerance also increases.

Example 3
The procedure of Example 1 was followed. Il}"addition, however, increasing

-concentrations of ethylenediamine tetraacetic acid tetrasodium salt (EDTA) were employed.

The results obtained are-set forth in Table 3.
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" "Table 3. Divalent Ton Sensitivity of Calcium Silicate Solutions with EDTA

| “ Divglént Ton Concentration
EDTA Conceﬁtration, Wwt% Required to Caunse Précipitation
‘C'alcium Magnesium
0.5 | /552 mg/L - -
- 1.0 . SOO“mg/L S 360
2.0 1 o3mgL [
30 | Morotm 1600-mg/L 923

Tt can be seen from Table 3 that EDTA increases the tolerance of sodium silicate to
both calcium and magnesium ions, and is more effective than NTA on an equivalent weight

basis.

Example 4
The procédure'of Example 1 was followed, however, increasing concentrations of

sodium phosphonate were employed. The results obtained are set forth in Table 4.
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Table 4. Divalent Jon Sensitivify of Calcium- Silicate Solutiozns with Sodium Phosg'honate'

Sodium Phesphonate : .' . Divalent Ton Conéent;taﬁpn
Concentration ppm ' Reguired to Cause Precipitation
' ‘ | Calciuin . Magnesimm
40 80 mg/L Rt . 225 mg/L
100 4 " 80 mg/L 365 mg/L
200 365mg. | .. - -

It can be séén from 'Table'/& that sodium phbSphonate shows a sméll increase in -

divalent ibn tolerance at concentréﬁons above 100 ppm.

Example 5
The proceduie of Example 1 was followed, but 2 combination of sodium phosphonate

and EDTA was employed. The following results were obtained.

EDTA (wt%)/Sodiwm Divalent Jon Concentration
FPhosphonate (ppm) - Required to Cause Precipitation
B o Calcium - - Magnesinm
0.5/100 610 mg/L .| 491 mg/L
1.0/40 920 mg/L 552 mg/L

~ It can be seen from Table 5 that EDTA and sodium phosphonate in combination show
improved résu;ts over EDTA zalone. (Compare Table 3.) The addition of sodium
phosph;)nate at Jow concentrations signi'ﬁcanﬂyl improves the divalent ion tdierance of sodium
silicate solutions. Sodium pholsphonate‘ aio'ne at 40 ppm did not improve divalent ion

toler.ance,"'but when added to EDTA resulted in a significant improvement.
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Example 6
The . procedure of Example 1 was followed, but using a combination of sodium
phosphonate and NTA. The results obtained are set forth in Table 6

‘Table 6. Divalent Ion Sensitivity of Calcium Silicate Solutions
with NTA and Sodium Phosphonate .

NTA (Wt%)/SOdium' o Divalent Ion Concentration
Phosphonate (ppm) - Regquired to Cause Precipitation .-
| | Caldum Magnesium
0.5740 - |- - 491 mg/L . 610 mg/L |
1.0/40 ' 970 mg/L. .. 428 mg/L

| ‘It can be seen from Table 6 that NTA énci sodium phosphonafe in cdmﬁiﬁétion show
‘ mproved results over NTA alone. (Compare Table 4). The addition of sodium phosphonate
" at low concentrations significantly unproves the divalent ion tolerance of sodlum sﬂ1cate '
" solu‘uons Sodium phosphonate alone at 40 ppm did not improve d1valent ion tolerance but’
when added to NTA resulted in a significant nnprovcment. :
. The invention is not limited to the above-described sﬁecijfic embodiments thereof. It
should Eé understood fh;t the éetail im}olved in the description of these embodiments is
‘ pre;,sented fo.r illustrative purposés only, and that reasénable varié}tions and modiﬁqations,
which will be apparent to those skilled in the art, "c.an be made without departing from the

spirit and scopé thereof.

10
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What is c.laimediis:

1. A coméosiﬁén for increasing the gel formation toleran;e of agueous alkali |
metal silicate solutions to divalent-jons preseﬁt in éubterranean foﬁnations, which commprises:

@) - an aqueous alkali metal silicate solution;
() a fhermaliy reséon'sive g;elation activator; and
)] | a mixture of,a phosphoﬁate and a ﬁﬁeléﬁng agent.
2. The composiﬁo‘n of claiﬁ 1, wherein the a]kah metél silica{e is sodiumn
silicate.

3. ' The coniposition of claim 1,. wherein the phosphonate is selected from. the

group‘ éonéisting of sddium pﬁosphoﬁate, phosphonic acid, ﬁiethylenetriamine pentaﬁiéﬁw.ylene
‘phosphonic écid, methyIEnephosphoriaté and their derivatives. ~
4, The coniposit‘ion“ of claim 1, wherein the concentration of the phosphomnate is -
abm;t 40 to abouﬁ 200 ppm.

5. The compc;sition of claim 1, wherein the chelaﬁng agent is _seIectéd frqm the
group consisting of ethylenediamine tetraacetic acid, propanediamine tetraacetate,
dicthyltriamx;né pentaacetate, N«hydroxyethﬁlenedianﬁne triacetate, hydroxyethyliminodiacetic
écid, nitrilotriacetate, and 1,3-propanediamine’;etraacetate.

6. : The composition of claim 1, wherein the concentration of the chelating agent is

about 0.5 to 3.0%, by weight.

7. "The composition of claim 1, wherein gelation occurs at a temperature of about

100°F to about 350°F.

11
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| “‘8. ' " The eorriposition of claim 7, 'whereiﬁge'léitioﬁ eccurs at a temperaiure of about
120°F to about 206°F.

o 9. . A method of pluggmcr or sealing a zong-in a subterranean formatlon with an:
aqueous alkall sﬂlcate solutlon which has an mcreased gel formation tolerance to d1va1ent
ions present in sald formauon, Wthh comprises:

‘ (a) inn?eciuch;g info said zone an aqueous alkali metal silicate Composition
comprising, | | |
‘ @) an equeoue alkali metal silicate eolution,
(i) - a thermally responsive gelation activator, anci
. () a ﬁixtgre of a phesphonate and a chelating agent;

(b) - activating said gelation activator in response to-a the;n;tal change in said
composition with:iﬁ eaid forniation W@ereby said siiicate composition-forms a gel in jsa.id‘ -
zone.

‘10, The method of claim_?, Wherein the elkali metai silicate is sodium silicate.

11. - The method of claim 9, wherei;l the pho'sphoﬁafe is selected from 'the group
" ~consisting of sodium phosphonate, phoséhonic acid, dieﬁyieneﬁaﬁme "pentamethyler‘le‘
phosphonic acid, n;ethylenephosphonate and their deriVat;ve's.

12.  The method of claim 9, Whereiﬂ the concentration of rhe phosphonate is about
40 'to about 200 ppm. | |

13.  The method of claim 9, wherein the chelating agent is selected from the group

consisting of ethylenediamine tetraacetic acid, propanediamine tetraacetate, diethyltriamine

12
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- pgntaacetété, N—hydroxyeﬂ;ylenediamine triacetate, hydroxyethyl'ixrﬁno&iéceﬁc‘ acid,
- pitrilotriacétate, and. 1,3-propanedia1:rﬁnéte1raacetaté.

14 .The.me’.[hod of claini 9, wherein the conceﬁ?xaﬁon of the chelating agent is
about 0...5At0 3.0%, bjz weight. |

15 The method of claim 9, Whefein gelatioﬁ occurs at a témperattue of aﬁout
100°F to0 about 350°F.

16. The~m\éthod of claim 15, wherein gelation occurs at a temperature of about
120°F to about 200°F.

saudiar\81701tay.apl
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