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2099412 In the drilling, conpletion and renedial treatment of oil, gas and*
water well's, it is often desirable!and necessary to seal earth f or mat i on
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purposes. 1n addition, in such well operations, it is often necessary or
desirable to cement casing -or other apparatus in the well bore. For
exanple, it is comon practice in sealing well forna&|ons toinje

into the well %ﬂufhﬁ)QﬂqkihnﬁheceéﬁiﬁﬁlPﬁ ansd rgmedda §FFéBmPBEa?§oﬂlio 10
| hi f h Al fi, th
caci ng | STRAIE HFUSF (iR TRy b Ao OF 5o R PRESC ASR e FRSRREY cERn R ]
seal the nr.aducdd,on fy %tdmzto'ngr% fll;‘o%_hgerﬁga}_gl Bge(r%qa%k?@sx@‘epﬂﬁkﬁukgéw
ealing o0 art

probl emin using cenent for the's or mat 1 ons
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matri x. Therefore, gelable I|qU|ds have been used to provide the

pergt r at iand res Wdothpl\WsH othery pilirbbsesnt gal aBletibayi da Bavh wekd used,
gel abl e aqueous sodium silicate solutions have achi eved wi de acceptance. In
20 utepera tipreuddusiss ofitem feciessasysorutiesirabdestal cemenh tasing
tions, the sodiumsilicate can.be conbined with acid formng or buffering
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solutions are jn ected ibnto the formatiqQns and al l.owed to set ,where t he
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well and to allow the cement to set in the desired location to

10 seal this portion of the well. Also, when fixing casing in the
well, the casing is cemented to the formation to retain the
casing in place and to Seal the pfoduction formation from the
remaining formations.

A particular problem in using cement for the seaiing of

15 earth formations is that cement often cannot penetrate to a de-
sired location through_the formation matrix. Therefore, gelable
liqguids have been used to provide the pénetration required. While
many different gelable liquids have been used, gelable agueous
sodium silicate solutions have achieved wide acceptaﬂce. Iﬁ

20° utiliziné agueous sodium silicate.solutions to seal earth forma-
tions, the sodium silicate can be combined with acid forming or
buffering agents to produée fluids with specific gel times. The
silicate-ageht solutions are injected into the formations and
allowed to set whereby the resulting firm impermeable masses

25 seal the formations.
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- 2 - Agqueous sodiumsilicate solutions have al so been used to s
formati ons wherein the.sodi'umsilicate solutions are caused to gdl
gontact wi.th a separate gelling agent or catal yst. For exanple, a 1 d

sol ution can be introduced into the.formation 5 prior to or after the
_irtroduction of the sodiumsilicate solution. Upon the contact of the
sodiumsilicate solution with the aci-d ol ution, gelling occurs producing
an i nmperneabl e mass which seals the frormati on. Sol utions contai ning cal ci um
- or- o¥her polyval ent cations are also suitable as gelling agents. 10
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seal nore perneabl e portions of formations undergoing water flooding. In
this appl i cealoearthsSormatiphscwherebn uthensadium @dd iicatehsofiugdangadse so
that as the sodiumsilicate con- tacts calciumin the nore perneable zones
in the forRAYSKE £ 9el1dY contpghswith AuFPRARATS GRdd ing: agessupat €3talyst.
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fluid. A particular problemwth this nethod is that the agueous sol utions

can freeze the ifegmation. t S808RL6AS Ofoha b Didigea i dnh @ vdithe boliyalehy
rui ning the silicate solution. Also, such concentrated aqueous
sol utions cations are also suitable as gelling agents.

10 ~  Sodium silicate sdlutions have also been used in low concen-
trations to seal more permeable portions of formations undergoing
water flooding. In this application, a sodium silicate solution
is added to the flood water so that as the sodihm silicate con-
tacts calcium in the more permeable zones in the formation as it

15 flows through such zones, it floculates thereby plugging the more
perrﬁeablg zones and diverting f_lood water to other less permeable
zones, thereby increasing ﬁhe production of o0il therefrom.

In utilizing aqueous sodium silicate solutions for sealing
 earth formations, aqueous solutions of sodium silicate are trans-

20 - ported to the locationiof a well penetrating the'fgrmatioh in a
concentrated form.(typically,-40% sodium silicatef. This concen-

. trated sodium silicate solution is then mixed with ﬁater at the
well site to pfoduce the injected fluid. A particular problem
with this meﬁhod is that.the agueous solﬁtions can freeze dufing

25 . transport or in storage at the well site theréby ruining the .
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are extrenely caustic and, like all causti€ liquids, are diffi- cult to
handl e and m x. Further, the handling and shipping of the concentrated
a us solutions of sodiumsilicate dre expensive, 5 especially in
of ore drilling and renote | ocations where storage is limited.” Anather
pr emin the use of aqueous sodiumsilicate solu- tions for seal i ng eartyy
formations is that sodiumsilicate js extrenely sensitive to certain
materials found in sonme earth for- “10 " mations and in some mXing .
-liquids. For exanple, formations containing di- or polyval ent cations swch
‘as cal ci silicatersodletions | &ksqelsualy concentsartedi aguepushsctvtions
silicate solutions freventlng penetration _of the solutions to proper
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the zoneEEP mﬁE % t%e cenent:to-fornation bong occurs. 1To sga ?he -
fornatloggagagesistniﬁlfg@e of deterioration, sodlunlslllcate sol utions
have been introduced into the preflush. This nethod, however, is not
conpl etel y sahAnethet opyoslemeinothe ot agudons Sad:.um sn.hs&tél sadu~
achieved in certain situations. Particularly, sodium - 4 - silicate
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present in anhydrite formations. Consequently,
extremely sensxtzve to certain. materials found in some earth for-

10 . mations and in some mixing liquids. For example, fprmatans
coniaining di- or polyvelent cations. such as calcium can pro&uce
a flash~-gelling or floculation-ef the sodium silicate solutions
preventing benetratign;of.the solutions.to proper 1oeatione.
Similary, sodium silicate SOIutions cannot be mixed with brines
15 because premature gelllng occurs.
In cementing casing to the well bore it has often been found
that preflushes pumped ahead of the cement to prepare the well
‘bore for eementing can damage the surface of the well bore. For
example, preflushes through anhydrite,fofmations often dissolve
20 the formation expanding the diameter of the well bore and weakening
the zones in which the cement-tofformation bond occurs. To seal.
- the formation against this type ofideteriofation, sodium.silicate
solutions have been introduced into the preflush. This method,
however, ‘is not eompletely satisfactory since good cement bonding

25 is still not achieved in certain situations. Particularly, sodium



Eodiun1§ilicate solutions are not able to fully protect formation ’
di ssol ving and weakeni ng because flocul ati on prevents pene- 5 ﬂr i pn -
of the silicate into the formations and the silicate can be |ost t\hr o
-redi ssol ution® Another problemwth.using sodiumsilicate as a pre sh in
cenenting'is that the cenent-carrying conduits contain residual anounts of
dafciunldespite'efforts to clean the condujts. This 10 resi dual cal cium
whi ch, cont ami nates the conduits can premattrely cause gelling or '

. floogd ati f the sodi ilic | utign which ts the sodi .
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sodiumsilic e cenent mxture 1s high enough, t g tine

the cement Mgrhur @;kSol 69HGEIna AfedkiRi Adnbdifte USRS a 5 WheYdntaabRne-
sol uti ons descri bed above, “probl ens are encountered 20 w t'h storagé and

handl i iy of ¢@a¢EBhr aECE€hayEDUSaE0intd Sthe CRIMnbldrHs i tHe s3qQdica®e can -
silicate solutions can also gel prematurely when- the cenent powder is

added, maki ngpenilpisagttirbhghukredi8yolueigmesent invention, a rapidly

di ssol vabl e powdered sub- stantially anorphous silicate is provided. The
powder ed silicat eAngthes probiemywithruping ysof | sidilcataiaslaeaefdush in
high ratio of silicon dioxide to -5- alkali, metal oxide making it usabl.e
in sealing af8™eakaRgi A FBRRoBRe ETERLTRAXFYINME GRAGEHY cqntais &esidual
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10 - residual calcium which contaminates the conduits can prematurely

cause gelling or floculation of the sodium silicate solution which
prevents the sodium,silidate_from functioning properly.
Another use of aqueous sodium silicate solutions is as a
dispersant and a gelling agent in a wet cement mixture. By adding
15 a sodium silicate solution . to the cement mixture as it is mixed,
the cement is more evenly dispersed. If the concentration of the
sodium silicate in the cement mixtufe is high enough, the setting
time of the cement mixture is reduced. As with the other uses of
sodium silicate solutions described above, problems are encountered
20 with storage and handling of concentrated aqueous sodium silicate'
solutions. The sodium.Silicate,soluiions can also gel preméturely

- when-the cement powder is added, making mixing difficult.
By the present invention, a rapidly dissolvable powdered sub-

-stahtially'amorphous silicateis;wovided. The powdered silicate not

25 oniy is rapidly dissol\}able but also has a highratioof silicondioxideto
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rapi dly.

%

useful in

Further, t he .powdered silicate of the present invention 5 S

ily transported-and stored even in. |ow tenperature.condi- tions whi ch*

N freeze and destroy aqueous silicate solutions. The costs of handling
ansporting the silicate are reduced.since the powder weighs | ess and
| ower vol unme. The powdered silicate of the present 10 i nvention \J

t he net hods described herein has a ratio of silicon dioxide to

al kali metal oxide in the range of froem @&bouwt 1.5:1 to about 3.3:1. To

- i nprove the gelling ability, strength and concentration of the silicon =

di oxi de whiallkagdl meftadnoididesimaktageisoussbba, int séslibeyi dmbl @ententiawe a
high ratio of silicon 15 ‘dioxide to alkali metal oxide. Such high
rati o al so meshodss t By anaostoﬁfthekapwdﬁéedlsbkidetehi%iﬂimﬁietﬁplUtions

neutralized to pro- duce gelling. However,

difficult.
silicon di
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gher ratios, 25 le still maintaining short solubility

times. | n TR CoRBECDE handl@.ng aneteanspbeﬁsngethedszaieawesﬁ@m&i&edI n

t he past,

anhydrous powllered silicates have been commer- cially avail able

wi t h rati ossinfcesitihec powdierx wedghs aélsal andehab ax].deernvohmneange of from

about 1.5:
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1 to about 4.0:1. However,
The powdered silicate of the present

invention useful in the methods described herein has a ratio of
silicon dioxide to alkali metal oxide in the'range of from aﬁout
1.5:1 to about 3.3:1. To iﬁprOVe the gelliqg'ability; strength
and concentrétion éf the silicon dioxide which gels from the
silicate solution, it is deSirable tb ha&e a high ratio of silicon
dioxide to alkali metal oxide. Such high ratio also reduces the
amount of alkali metal oxide Which must be neutralized to pro-
duce gelling. However, higher ratioslare genérally more difficult
to dissolve. ‘TherefOre, it is preferable to maintain the ratio

of silicon dioxide to alkali metal oxide in the range of from
about 2.0:1 to about 2.7:1. Most prefefably, the ratio of silicon.

dioxide to alkali metal oxide is maintained at a ratio of about

2.5:1. Silicates of'such:ratio have short dissolution times while

still having relatively high silicoh dioxide densities. Some -
methods of making'the powdered silicate can produce higher ratios,

while still maintaining short solubility times. In many caées,
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5  these silicates have not beeheasi’ly dissolvable regardless of the
particle size. Therefore, powdered silicates have not been utilize 0
prepare aqueous solutions of silicates for sealing earth formatio

descri bed above, the ability to dissolve alkali netal 10 sili
degreases as the ratio of silicon dioxide to alkali netal oxide i ases,

Thus, sone powdered silicates having very low (less than 1.5:1) ratios of
silicon dioxide to alkali netal oxide hgve been prepared for formng

~agquddus silicate solutions. These, however, have not been suitable for use

-in 15 HOWRGRL, OBh¥k b m¥Bhbds Odr & At ddtthdifllcall .f or mat i ons because the.

solutions are overly alkaline and are not easily gelled. In order to be
rapi dly dissol vahl ¢het pasppVarhpdGud ipoidered widfieazklsy haget bekhiycommer-
hydrat ed. Over-hydrati on or under- hydration, however, produces an

unsat i sf actcdayll ligoastad labDeewi tROratios ol atildeomdiextidentabalkaRfmexabr
content by wei ght) produces anorphous particles which tend to flow and.

sl oWy’ conweidet dnctthet frngacofi fromiabaut ch 3:3d HoobpusobuBrd. However,

e

Under - hydration (Il ess than about 12% water content- 3% weight) results in
partitl es es® Fidicafesahayscnotibeen. spsidy difscdvabde Rrgardiess sof 25

sol vahl e.
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The powder ed sl ieg3hS+9bnkhe Present invention is conprised of anmorphous
particles %%r?hé %gﬁtfaﬁré hydrated silicate. Crys- '

'As described above, the ability to dissolve alkali metal
10  silicates decreases as.the ratio of silicon dioxide to alkali
metal oxide increases. Thus, some powdered silicates having
" very low (less than 1.5:1) ratios of silicon dioxide to alkali
metal oxide have been prepared for forming aqueousisilicéte'
solutions. These, however, have not been suitable for use in
15 connection with wells or sealing earth formations because the
solutions are overly alkaline and are not easily gelled.

In order to be rapidly dissolvable, the powdered silicate
is'preferably partially hydrated. Over-hydration br under-
hydration, however, produces an unsatisfactory powder. Over-

20 "hydration'(mdre than about 20% water content by ﬁeight)'produces
amorphous particles which tén& to flow and slowly convert to
crystalline'silicate_whidh is slowly soluble. Under-hydration.
(less than about 12% watéf content by weight) results in particles

'whiéh are crystalline iﬁitially and, thefefore, are not dis-

25 - solvable. Most preferably. the partially hydrated powdered



'-propertres As wi || be discussed hereinbel ow sodium sil es _a

talline particles are not readily dissolvable. In the powdered silicates of
the present invention, either sodiumor potassiumor mxtures thereof can °
be utilized as the 10 - alkali netal "in the silicate. The powdered
licate of the pre- sent invention can7be represented by the fofmula [err]
stated Above, Mis selected fromthe'group consisting of sodium .
ssium and mixtures.thereof. Qher alkali netals, such as lithium and
rupl di um are not suitable because of their signifi- 15 cantly different

"d!."
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- Dehydrat i a%% PULEEYCY QeOEagﬂi#'afsﬁél h a sol ution pro- duces a stable
silicate I'ch is only very s y so To produce a rapidly
di sspl vabl e powger pdwleke8akelitabe 25F the rmté”gai& dlrfretilodP iisatempribed

first nethod consists of spray drying a silicate solution having a

t enper at uf lamdrphbas particles eﬁrayedpqrtmpxtyxhxdxatedpauddcamb.ancrgbeus
gl ass particles. Furthernore, it allows froductlon of a partially hydrated

powder ed $ialilimecppxticdes amechot oneadi rﬂ%#ﬁsﬂr‘@rhj@-of from about 14% 5

to about 16% by wei ght of the hydrated silicate. - stated gbove, ,this
range of partiam Ap&r BPFERTeAdS ﬁéc%ﬁ%$p%%u%h%ﬂQEE??ﬂEﬂﬁqﬂﬁqﬁi°Pheeﬂ&PFFbIes
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10 alkali metal in the silicate. The_pow@ered sillcate of the_pre¥
sent inventioh can'be represenﬁed by the fcrmula Sio2 Mzo. As
stated above, M is selected from the group consxsting of sodlum,
potassium and mixtures thereof.. Other alkali metals, such as
lithium aed rubidium are not suitable because of their signifi-

15 cantly.different propertiee; As will be discusseé.hereinbelow,
sodium silicates ane potassium silicates_have different properties
and potassium silicates or mixtdres of potassium silicates are
more suitable for particular applications.

-In the preparation of the rapidly dissolvable powdered sili?

20. cate of the present invenﬁion; dehydration by heating a solutien of
appropriete silicon dioxide~alkali metal oxide ratio is not suit-
_able.  Dehydration by heating or boiling of such a selution pro-
duces a stable silicate which'is only very slowly soluble.

Te produce a rapidly dissolvable powdered silicate, two

25. methods are appropriate. The first method consists of spray



I n producing the powdered silicate' by spray drying, a sili- 10
solution having a desired ratio of silicon dioxide to alkali netal
“the range of fromabout 1.5:1 to about 3.3:1 is prepared and nainta
a tenperature' lower than 1 10 F (43.C) and preferably lower than [err]. .,
IQLS solution is delivered to-a spray drying device which produces rapid

‘cooling and rapid dehy- 15 dration of small droplets of the solution.
~In the process of rapidly cooling and dehydrating, the droplets pass from
an &glili- briumto a non-equilibriumstate such that -an easily so

4 ubl
. anor- phous dpvisE pailichteisplugisndavins sdempagatnge dewpdhan é)ﬂonﬁét??ggg)"
rapi-d enough to prevent the silicate frombeing _converted to a 20 |
sl ow y sol ublthe FREARIAIHNGe ProgucRscasBargert AE aBPIRIYNS e $fe Particles.

frigerated t h /di t ed I nst | ed_baf t h i ke.
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2150 uti1| 2o fand ISPy 90t Bobkatl Y8 ¥ngopange! O SEIPIGN Tas |

t hi s nmet hod, WEeVer , dratton i s ac
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t he dehydration, the solution fust be naintalned at a tenperature less t
[err] and predid afdngd &F gditialehyiraeibRAeaABr ehet mayPhus gRd s |qwalign
and aggl onera- 5 tion of some of the amorphous particles, it is
necessary t of athellpariicdres haveolusignificahe dffigdt atpom wgerdbiki tadcel.
Preferred dehydration agents include ethanol, nethanol and acetone. Less
sui t abl e ar ethepkldnatentopiddissodineyl al cohol, and et hyl ene gl ycol
.nmonobutyl ether. Also |less suitable are saturated salt
In producing the powdered silicate by spray drying, a sili-
10 cate solution having a desired ratio of silicon dioxide to alkali

metal oxide in the range of from about 1.5:1 to about 3.3:1 is

prepared and maintained at a temperature lower than 110°F (43°C) and
;éreferably lower than 85°F (29°C). This solution isdeliveredtoa
spray drying device which produces rapid cooling and rapid dehy-
15 =~ dration of small dfoplets of the soluﬁion. In the process of |
rapidly.cdoling and dehydrating, the droplets pass from an'eqﬁili-
brium to a non-equilibrium state such that an easily soluble amor-
‘phous glass particle is formed. The cooling #nd dehydration must
be rapid enough to prevent the silicate from being converted to a
20 slowly solublé crystallstate. If necessary, the solution can be
-refriéerated and the spray direéted against a cooled baffle or
‘the like.
The second method of prepaiing the rapidly dissblvable pow-
dered silicate also utilizes rapid dehydration at a relétively

25 - low temperature. 1In this method, however, dehydration is achieved



10 sol utions such as those of sodi*um chl ori de and pot assi um chl ori de.
dehydration -agent such as ethanol is added to the,silicate solution

undfegi Nng rapid shearing, particles of par- tially hydrated anorphous

sl e are precipitated fromthe silicate soluti-on. These particles are
sepa ed fromthe liquid 15 and tlgen.dried w thout heating. For ()
exanpte, additional al cohol can be added to the particles and then all'owed

to evaporate at. roomtenperature. In either' the spray drying or

preci pi t at {on, 4B OIS ddHAeea IBH N de it &dt&ﬁauaiﬂntaagpaaap&a@nbafadﬁedfgﬁ
hel p prevent crys-- 20 tallization of the silicates. Lithium provides

an under si 2gdrabpihte PRitis] € PuMimPNIE quydriason) ehe soletishomust be
.particle to assist in breaking up crystalline patterns as they form g;her
" suitabl e umdéntaieed et abenpepature dASE than | 14 B (4 Beard Presepabby Less

In order to be rapidlvedissolvable, it is desirabl . have = 10 . - e
anor phous bBRBE&S é"s?%yo?i]e FM\M‘@F@’&?&’IH%%Y%"% ﬁﬁP’FEFS‘?ﬁﬁ?ﬁthﬁg ﬁﬁgha%%lzog.eg‘gl-f
a significant nunber, 10%:-for exanple, of particles are |arger than 40-nesh
si ze3 the 54PatPHnseneeCf sthefInRrEhRRy BkiceR  fit|if RECESFATINELr ed.

Herein, 5_ , Si U S.. Standard).. To, arrjve at wder having |
{hen” a0 moshESPLE, SEkef Fumeror S ) o llniitin S i iBedlon i

coreened Ob ARk by e b ARPLORILE Frotify | SRS ol S scasone
10 preCipiﬁégEOEuT£591€E5PQd§56$f5p§§Ehfﬁgﬂdfqmﬁﬁhyl alcohol, and ethylene
glycol monobutyl ether. Also less suitable are saturated salt
10 solutions'such.as those of sodi@m chloride and potassium chloride.
| .Aé.ﬁ dehydration.agent such as éﬁhanol.is added to the
siiiéate solution undergoing rapid shearing, particles of par-
tially ﬁydrated amorphous silicate are precipitated-from tﬁe
silica;e $olution. ¢hese pérticlgs'ére éeparated from.the liquid
15 .and then dried without heating. - For example, additional alcohol
can be added to the particles and then allowed to evaporate at.
room tgmperaturé.
In either the spray d:ying or precipitation ﬁethods, trace
amoﬁnts of lithium_and copper can be added_to Help prevent crys-
20 tallization of the silicates. Lithium provides an undersized
atoﬁié particle and copper provides an oversized atomic particle
to_assist in brgaking up cryStailine patterns as they form.
‘Other suitable undersized or oversized aﬁomic partiéles can be
utilized. |

25 '~ In order to be rapidly dissolvablé, it is desirable to have -



ABy utilizing the powdered silicate of the present invention, an inproved

met-hod *of preparing an aqueous silicate solution for use in connecti with
sealing or cenenting earth formations at a well site can be achiev 15, 1n
‘'such method of preparing an aqueous, silicate solution, the rapidly '
di'ssol vabl e partially hydrated anor phous powdered S|I|cate is pre

- hat/ing a nolar ratio of silicon dioxide to alkali netal oxide in the range
- of fromabout 1.5:1 to about 3.3:1.-. Tie powdered silicate 20 is then
trakgported to the well location and dissolved to forman aqueous silicate

solution. The resulting solution is used in processes of sealing or

" cenenting. |If desired, the powdered silicate can be stored at the well

| ocation. prior thei hmon@ﬁouEupi$Eidm!%89fthhespowagee¢a§ﬁlﬁnaﬂeEﬁmalﬂer .
tenperatures be't%‘é{n”ﬁe@egﬂ ﬂ%%o‘“na%"%r ?ﬁi‘?%&ﬁfaﬁ%ﬁ&e pfq%j%?d %bhhiéte

material. In sone Situa Ioca
contains salt. Fﬁh@artﬂcigsd%%¢r¥ﬁﬂ&§&(&N&§ ABrmesh $b%en Lhe solutiep témee

sol ution by m‘ X130 sulff 1 QWREI LAl Grid i wraite fuiell GBENEs wmb&emdl [MeFlelingat es

tend to gel, 1 CURGM Sl%oshER ET dbihal e, 182U LA Yo IRl ad PR IERL U

si-li cates do not esi ra Tze
hydr at ed powder d¢3si thaat BOSnesh siges §hﬁng°€§§ént¢%¢l@ins ﬁnnmnithm

silicate when’ t%\e«’pqaae%nsleétmcw dah e Bereegear edrvmt&\uhr 11Thee
Eg&gi;;un}SIllca%Frgggiage sgze s H%R%h uﬂggo?1éﬁggbartief4“%f¥g 22 't
be controlled in the formation process of spray drying or
10 precipitation with methods that are well-known.

By utilizing the powdered silicate of the present
invention, an imPrdved method of preparing an aqueous
8ilicate solution for use in connection with sealing or
cementing earth formatioqs at a well site can be achieved.

15 In such method of preparing an aqueous silicate solution,
‘the rapidly dissolvable_partiallyhydratedamofphous
powdered silicate is prepared having a molar ratio of
silicon dioxide to alkali metal oxide in the range of
from about 1.5:1 to about 3.3:1. The powdered silicate

20 is then transported to the well location and dissolved to
form an aqueous silicate solution. The resulting solution
is used in processes of sealing or cementing. If desired,
the powdered silicate can be stored at the well loecation.
-prior toitsuse. Furthermore, the storage can occur at

20 temperatures below freezing without adverse effect to
the powdered silicate material.

In some'situations, the only water available at well
locations contains salt. Thus, it is desirable to be able
to form a




PO

the salt concentration of the brine is very high, especially with cal cium
or magnesiumsalts, or the resulting solution is to be 10 stored nore
than.three or four hours, it is desirable to add a sequestering agent to s
‘he solution. O gano-phosphates are suit- able sequestering agents., Wth
addi tion of such a sequestering |j ' agent, the solution can be
ed for several days. Wile potassiugysilicate solutions are |ess
e ive with 15 sodi um cal cium and other di- and polyval ent ions .-.

t.h sodiumsilicate solutions, gelling still results upon conbination wkfh
a suffi céhicabesnlulfian dye migdngs the powderedi shlicabewith brime. tion
time.” The slower_ gelling tinme and higher _concentratjon of gelling agent or: .

cat al ystWeble $ofiul Fidigatas itende40 gep, Bagmatypely whan (Rixeditwithiesired
ti | ocat i wh diy ilicat ld,pot b itable. E | e,
i cart PTG R Aot YRS S0 @OSAR SE R PANTSAES B a0 FOtmy TASARIRAN

T ook Fer B d ATRieize BopatEAF meBr PR R LS. >

25 fLLJ fﬁg\ ' f LANG s f ﬁﬁﬁﬁ? 1
2_—5a pot%‘gé%grﬁ SI fé(:%%aéedésiorﬁl&yi %?ipéggrg%%gﬁea}l\%?gﬁemﬂﬁ_%%?p& en csonbi ned
W th thegdiutdn PO Y i tprear@RS vkt hS BEi ReQf THE byefssiuh NGirAtdte -
formation and will penetrate the formation without premature flocul ation.
The amudéednPEfEY Prieiia tidielde updhl RdxIng wibi €hengtige! herprikbveved,
the potassiumsilicate solution, changing the silicon dioxide:potassium

oxi de r athe,salt adshoentaxthicest of theaprine fis varysbighj oespédiably selth he
proper solution will depend upon the type and concentration of reactant

i ons precalcium or magnesium salts, or the resulting solution is to be

10 stored more ﬁhan three or fouf hours, it is desirable to add a
sequestefing agent to the solution. Organo-phoSphateslare suit-
able seqﬁestering agents. With_ihe éddition of such a sequestering.
agent, the solution can be stored for sevéralsdays.

While potaésium silicate solutions.are less reactive with .

15 sodium, calcium, and other di- and polyvalent ions than sodium
silicate soiutious, gelling_still results upon combination with a
sufficient aﬁount of these agents or a sufficient amount of reac-
tion time. The_sléwer éelling time and higher concentratioﬁ.of

' gelling agent or catalyst can, therefore, be utilized to producé

20  gelling at a desired time or location where sodium silicate would
not be suitable. For éxample, in earth formations containing
sodium, calcihm and/or di- and polyvalent ions (anhydrite earth
formations, for example), a potassium silicate can be utilized
where a sodium silicate would floculate prematurely wiﬁhout suf-

25 - ficient penetration of the formation. In one useful process,
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sent in the earth formation. After ‘the potassiumsilicate solu- 10 tion

is prepared using the highly dissolvable, partially hydrated, powdered,

anor phous potassiumsilicate of the present invention, the silicate
solution-i,s introduced into the earth formation and allowed to gel theréeby. .°.
sealing the formation. By utilizing the same di- or polyval ent cations or
salts in 15 an.injection fluid, the %ptassiun1silicate sol ution can be
used-in a nmethod whereby alternate sFUg§ of the injection fluid and the '
-pot @i um silicate solution are-introduced to the well forma- tion for .
seal i ng. Thaspotis@ium ssilikfdde fsvlutdaini 1§ pregphoed whichxwill chelhndlerd ype
-earth formations. This alternate intro- 20 duction of the potassium '
silicate sotombimedinithethenjddct ican pollyivdlentt aahionscer i sabtsvof theeltyde
solution into the formation produces gelling of the potassiumsili-cate

sol ution atina theearth ctemmationande ¥idilbpegngbsate the Hormatiommwlthaik e
solutions are less reactive with the injection_fluid confaining gellin

25
agents and PREPRFRTE H199iatifiepeThee #BOMRL 6 BenekE2EiPRHFIH P Valig%
- Si P | trad K). {. t t ai ndi 3 |l ent. cati
e Pt L 1T ST SRS LR o

t t ' 3 i ' a ' :
Tugul ar - andCiaBEiad (hEENs cod o iRttt i CPRIbe AL SRS [ AduAgC

seal i ng thoggqRestéPify Fgdtitd it lid Bolatibal! eokegshisep abé?mskr solution
Anot her fluid containing-di- or polyvalent cations is brine. I nce brine

is often theidbl Jependlihpomviid aype fand doncentrhtionnafi nsattant i Dorss Prk-
brine is often not capable of being used with sodiumsilicates, the use of
sent in the earth formation. After the potassium silicate solu-
- 10 tion is prepaéed using the highly dissolvable, partially hydrated,
powdered, amorphous potéssium silicate of the present invention,
the silicate solution is intrqducéd into the earth formation and
4 ‘ allowed-to gel thereby sealing the_formation; |
4 ' " By utilizing the same di- Qr polyvaléent cations or salts in
i 15 '_ an injection fiuid,_the'potassium silicate solution can be used
| in a method whereby alternate slugs of the injection fluid and
‘the potassium silicate solution are introduced to the well forma-
tion for sealing. This method is uéeful for sealing vugular,
_matrix or channel type earth formations. This alternate intro-
20 duction of the potassium silicate solution and the injection fluid
containing cations wirich gel the solution into the formation
produces geiling of the potassium silicate solution at a desired
locatidp. As described above, the potassium silicate solutions

are less reactive with the injection fluid containing gelling

25 agents and therefore allow'a deeper'penetration of the formation.



10 . potassiumsilicate in accordance with the met hod of this invention
Jows brine to be‘used in forming and using silicate solutions. Another
cuIarIy advant ageous use of the rapidly dis- sol vabl e powdered - ;
ate of the present invention is as a com ponent of a cenment powder.
ure of Portland cenent and the 15 rapi dly dissolvable powdered
silrcate of the present i nvention.proguces a cement powder which has
~inproved properties. Upon- mxing, the cenent is nore evenly di spersed w-th
a water m xture. By varying the concentration of the powdered silicate Nt
the cement powdincetPerskrnd rigreidee metkihtypeneements dpntaintdi- pppoigvalent
creased or decreased. Also, the powdered silicate increases the stren th

of the cenﬁﬁf-‘-lapshl ghat oERLEEWRCSARAONE r oAt BSE F cFHE FheReumethedhis to
cenent. addi ti

P | ar |
‘useful as &ﬁl &&Ft?9§th8n§2%éﬁggﬁSa§0€§§§$%%+§é§”§gg§ﬁéﬁ%ﬂﬁgg arg) %U 3 the
POtaSSIun]%Fheﬁ%tgxi gﬁ§t§§Q§'Eh¥evﬁ lar, dfa L é#% é&ﬁﬂ 3{ eneeggnt
salt contalnin

and al | ows € cenen 0 penetrate fur into natlons
|1 dgsiredepgl %b&astaeﬁaahageaeﬁageéesasmﬁgeén@ye s i 0 %sga&rei%umeqye
to the mxing water in mxing the cenent slurry. |'e many of

the above geihgdplef resung iBeopeninead SAhd:thGﬁtﬁl@id tctmuﬂarmmgt dijrvett i on
are particularly adapted for use with potassiumsilicate, many processes
can.advant pgaguallentts eatdohisnasi bninet psSinseibrine | iz aiftemdieodinly
silicate. This allows the differing properties of the silicates to be
uti.lized mead:.lgnavggﬂ:bbrisdfilmd atnyedlpformatien apratinnomnd bnine is

m Xt ures
often not capable of being used with sodium szllcates, the use of

10  potassium silicate in eccordance.WLth_the method_of this invention
~allows brine to be used in fqrming and'using silicate solutions.
Another particularly advantageous use of the rapidly dis-
solvable pewdered,silicate of the present invention is as a com-
ponen£ of a cemene“powder. A mixture of Portland eemeht and the
15 rapidly dissolvable powdered silicafe of-the present invention
produces a cement powder which has improved properties. Upon .
mixing, the cement'is more evenly dispersed with a water mixture.
By varying the concentration of the powdered silicate in the
cement poﬁder, the setting time of the cement can be either in-
20 creased or decreased. Also, the powdered silicate increases the
strength of the cement at high temperatures and creates a tem-
perature stable cement. 1In addition, it increases the water:
cement ratio. '
Particularly useful as an additive to cement is potassium

25 silicate powder. Potassium silicate is less sensitive to



of potaSS|un1and sodium silicates tan be used to vary the gelling tine or.
the duration of gelling in-various applications. Since sodiumsilicatgs
are | ess expensive than pota55|un15|llcates m x- tures also allowt
of the silicate use 'to be reduced. Anot her particularly -
sui,t abl e - use for potaSS|un1S|I|cate as opposed to sodiumsilicate so gns
'|s as .a preflush for cenent- ing casing to a well bore. Particularly In
situations where the well bore extends through anhydrite earth fornmations,
sodisH#n silicate preflushes are not conﬂl té]y sati sfactory since they 20

tend to flg@%ﬁ@{ﬁgﬁ%g\ctﬁe@t@ﬁé a\éﬁéfl} o%t thRNERRLRE! »;enpeaeépalwm in

the earth cordingly, ng t e earth formation"wth an

aqueous solgyhikfB-0f nPOt 885 %ﬁtéi&ﬁtge £ S et rat Begiekal Nsihotamt i on
by the potassiumsilicate which is nore slowy gelled by calciumin the

formation, aBvadehheBUcagché Sadbieved By GWddind pdtasdian silichbet b6 £rgeNt,
or other nethods. This +-15- gelled penetration of the formation
protects t mixfiagneaten inanixihgrtive atémentdwluryypr ef | ush and prepares the
forma- tion for bonding with the cenent which follows. In order that the

i nversti on may bWhidecmany| 9f Sthedabevewethads iofl Neingg theappwderednsihi~
describe or utilise the powdered siljicates of the invention or solutions

t her eof ) , ac@tgi PEnthy RE§SERt| ipvRRtiAn Aromartickderly 2dgptedcfeF Weetone
and 300 cc Q rati o sodi um silicat qutlon

Shant ock - " Q’r"&&ei’ﬂgas§bﬂ¥‘uﬁ+§’r??’éﬁt d1an¥ PRGNS AR 2 PFHSeBPéthe?sﬁ_t

| ow comblnatlons-of potassium silicate and sodium silicate. This

allows the differing properties of the silicates to be utilized
10 - ‘and combined in a single powder or application. ' Thus, mixtures
of potassium and sodium silicates can be used to vary the gelling
"~ time or the duration_of gelling in various applications. .since
' sodium silicates are less expensive than potaésium'siiicates, mix-
tures also allow the cost of the silicate use to be.reduced.

15 ' Another pérticularly suitable use for potassium silicate as
opposed to sodium silicate solutions is as a preflush for cement-
ihg casing to a well_boré. Particularly in situatidns where the

" well bore extends through anhydtite garth formations, sodium
silicate'pfeflushes are not completely satisfactory'sinée they

20 tend to floculate upon contact with a sufficient concentration of
sodium in the earth formation. Accordingly, flushing the earth
formation with an aquéous solution of potassium silicate allows

penetration of the formation by the pétassium silicate which is more

slowly gelled by calcium in the formation, by gelling agents

25 circulated ahead of or with the cement, or other methods. This



speed. The speed of the blender is turhed up to high to ensure di ssol ution

e TRe sil
é Date i
.‘i g i ght
at’ur e.

t enpe

i cate ‘sol ufion instantaneously dehydrates. The resulting

s filtered, washed 5 wi th-additi onal acetone and allowed to
room
After drying overnight, the precipitate is brushed fromthe

w th- out heating. Al of the foregoing is conducted at

“dryi'ng surface and redissolved in water to its 20 original solubility.
solution is complete within 3 mnutgg The above experinent is also

performed wt

h the same results utilizing ethanol and nmethanol as

The

N

substitutes for the acetone and potassiumsilicate as a substitute for the
sodiumsilicate. Drying nore rapidly at [err] 25 creates a material which

'is more easi| el &80h¥ksl rdtior Wﬁ@%‘e%b?ﬂ@%oﬁ h&tot!éb%d'%edk%mh\{%@he

"

partially hydrated a hous, powder.e ates with high ratios can
B ARETRo b (AR PREFTRPG SbARARA 3 ShECEOrBRAND] & 2

- 16 - prepar

Powder ed siI|taoasfareb¢ﬂ¢in8(ﬂiﬂmytapraymdnyleﬁehnﬁnmkbww | i cate sol utions
at roomtenperature.. iﬁ“bﬁﬁef”tﬂéy'ﬂﬂﬁ QBvEH@igh maxfﬂe moP e%u!?&y from1.8

to 3.2. Bpth sodlun1S|I|cates and

e€s are p

epar ed.

The resul t PngUPBRRRFRQYs etQ%sqqg&ngs@FﬁBPJ-?? y("hjrﬁé" rd@§lSFIPt1§eoPP\Ah| ch are
shown in Tabl atilbse ovhe Tpiideried sSDiLBLESTYF Fhf QtRERER ORI bPCAGERL i6ns

10

15

20

25

thereof ), are given by way of ‘illustration only.
- EXAMPLE 1 |
600 cec of acetone and 300 ce of a 40 Baume, 3.32

ratio sodium silicate solution'(Diamond Shamrock "grade 40"

sodium silieate) are combined in a Waring blender at low
speed. The speed of the blender is turned up to high to

ensure dissolution since the silicete:SOIution-inStahtaneously

dehydrates. The resulting precipitate-is filtered, washed
with additional acetone and allowed to dry overnight with-
out heating. All of the fobegoing'is conducted at room
temperature. ’

After drying overnight, the precipitate is brushed
from the drying surface and redissolved in water to its
original solubility. The solution is complete within 3
minutes. The above experiment is also performed with the
same results utilizing ethanol and methanol as substitutes
for the acetone and potassium silicate_as a substitute for
the sodium silicate. . Drying more rapidly at 100°F (38°¢C)
creates a material which*is more easily dissolved.

The foregoing shows that rapidly dissolvable
partially hydrated amorphous powdered silicates with
high ratios can be

[



Mol e Ratio of - >+ Solubility Silicatel/Al Kali

[err] [err] 1.8 T S :
SS : _ -- 2.2 - ' NS. g
S 15 . < 2.4 ) NS : 2.6
NS - SS 2.8 NS
"N$"3.0 _ - NS ' NS 3.2 -
NS - NS NS - Not soluble in tap water in 10 mnutes tine

_whikgistirring a 50% solution. 20 SS - Sléwiy soluble in tap water - a hazy
solution with some undi ssolved solids after 10 mnutes stirring. S - A :
relativel y Cbe Tgaﬁeaut | gowedde] BRI d Nadlakld vl PUTeQ§>e§§h.Krél peodkskerr]
25. - is experiment shows that conmercial spray dried
preparatlons of the powder of t-he. pre&aﬁm?myehtlon result |n_pomder whi ch
has | ess solubility with nolar ratios higher than 2.5. 5
EXAMPLE 3 | n northRewdered sixdpatestarerpnﬁpﬁreﬁwhyfs@rayldnglngdaqueous
encountered while drilling at 12,000 feet (3658m).

s;llcate solutions at room temperature. The molar ratios of the
5 silicates vary from 1.8 to 3.2. Both sodium silicates and potas-

-sium silicates are prepared. The resulting powders are tested

for solubility, the results of which are shown in Table I below.

TABLE I - SOLUBILITY OF POWDERED SILICATES

+ | Mele Ratio of - | Solubility
i Silicate/Alkali T - Nazo o KZO
i 1.8 o S --
| 2.0 . o ss -
1 2.2 " Ns - s
1 15 2.4 | | NS | s
' 2.6 | NS . ss
2.8 NS ' NS
o | NS _ NS
3.2 o NS o NS
NS - Not soluble in tap water in 10 mlnutes time whlle

20 stzrrlng a 50% solutlon._

ss - Slowly soluble in tap water - a hazy solution with some
undissolved sollds after 10 minutes stirring.

S - A relatively clear solutzon after no more than 10
minutes stirring at 80°F. (27°cC).

25.
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The drill string is raised to a point *knowh to be above the zone where | ost
Ci r g, atlon is likély. A potassiumsili- 10 cate solution is nixed froma"

r ap\® soluble hydrated powder at anbi ent tenperatures at which it would
be Ngh§- sible to store and mix the liquid sodiumsilicate due'to ,
freezing. 4,000 I bs (1816 kg) of. the potassiumsilicate powder are m xed
w.th 35 barrels [err] of water and 15 injected through the drill string.
After adding 5 barrels [err] of fredff water spacer, 100 sacks (4250 kg) -of

- APl Class G cenent is mixed and injected in a conventional manner. Shut “off

I's achieved and drilling is resumed. As shown in this Exanple, potassium
silicate 20 powders can be utilized under conditions which make the use of
sodium silicate soIutThﬁu;exnamimehkeshbﬂsshbms ¢¢mmennmakﬂ3ppawadsiad1
silicates resHl-LE;A Qtf@r?é E‘Jf 4le %%&XePPBPOE’ﬁeV‘M Vé1 €360 Pg%ult

cont am nati on MPLE 4 an area ost circulation is

a conmon pr,obF-BrTP?‘r’ld%’érfﬂﬁt‘i%d‘as‘uﬂﬁééesﬁ?'bﬁf}lhtlbo‘fza%‘b|“IPH13§' rRt4P8 sol ution

is prepared byighesothdm@ . B00 | bs (454 kg) of rapidly dissolv- ing

t

hydr at ed potaSS|unls|I|cate powder in 380 gallons [err] of water. Addition

of the powder ‘i s through a coB¥AMPLENA| cenment jet nixer. The solution
is recircul at ed once hrough the m xer and theq%f%ﬁ ed as a preflush ahead

of a conventi onal R tetRe UbRBr NPt Hon &f ARitoine
i nevitably prneénis|enddunuanaﬁhhhhaadubmglSngqmmpthnoaMﬂadt dassBally

.precludes theTﬂéedPIlfgggﬁEHg is raised to a point known to be above the

- zone where lost circulation is likely. A potassium sili-

10 cate solution is mixed from a rapidly soluble hydrated
powder at ambient tempepatdres at which it would be impos-
sible to store and mix the liquid sodium silicate due to
.freezing. 4,000 lbs (1816 kg) of the potassium silicate

. powder are mixed with 35 barrels_(5565'dm3) of water and .

15 injeéted through tﬁe drill string. After adding 5 barrels
(795 dm3) of fresh water spacer, 100 sacks (4250 kg) of API
Class G cement is mixed and injected in a conventional '
manner. Shut off is achieved and drilling is resumed.

As shown in this Example, potassium silicate

20 powders can be utilized under conditions which make the use
of sodium silicate solutions impossible. It shows that use .
of potassium silicates results in easier delivery methods
with less concern for contamination.

EXAMPLE 4

25 In an area where lost circulation is a common problem
" in cementing surface pipe, a pbtaséium silicate solution is
prepared by dissol#ing 1000 1bs (U454 kg) of rapidly dissolv-
ing hydrated potassium silicate powdeb in 380 galldns
(1440 dm3) of water. Addition of the powder is through a



Silicate in a simlar manner, causes no problens with the potassi um
silicate solution used. The procedure is also used on three wells on
successive days. Surface pipe depths are 680 feet (204m), 10 579 feg
(174m and 626 feet (188m. In each case, the procedure is successfA
Lost circulation is controlled and cement return is recovered at thg
“surface. This Exanpl e shows that potassiumsilicate pre- flushes aheg
cenenting produce desirable seali-ng-am® 15 preparation of the fornmation.
.1t &l,so shows that potassium.silicates can be utilized where sodi um

. silicates cannot due to contam nation of the m xing equi pnent. EXAMPLE 5 In
|l ong string cenenting of a casing (4800 to 5400 20 feet depths, 1440 to

1620m) through Horveitdonke E@ﬁ@ﬁé'j&b d@%éﬂNJ IRe 681d8149)iPirdcARicdhYted
di ssol vi ng potaSS|un1%WI|c tgegomder pr esent |nvent|oni§€§rnxe

with 12,000 | bs QSf&NEGPERT “RBMREXSS aﬁ%t 5 pupPed efy? RRAR éﬁaagoo
barrels (47.7 n®f &f contventibnah semerit wlursypunfhd @bdimera qalefilumsh ahead

of L e convent] analesGAER of| ¥heV1edbl) WeMnten0ehL! Slns indyiGy ush 1

the formation a cenerit ‘abou , sonic testing is
performed anc® s%%&t"’ WRéCRcERMEr Bkt arecludes. the_ %%u?%f%&ﬁi&w Sodi um
silicate sol uti arididaglet inok bemShdr Sisaniar,y causes ﬁb0§m¢5uemslwﬁﬂmemheccurs

upon encounterlrgbtassium silicate solution used.
The procedure is also used on three wells on

successive days. Surface pipe depths are 680 feet (204m),
10 579 feet (174m) and 626 feet (188m). 1In each case, the
' proéedure is successful. Lost circulation is controlled
and cement return is recovered at the surface. |
This Example shows that potassium silicate pre-
flushes ahead of cementing produce.desirable'sealing and
15 preparation of the formation. It also shows that potassium
” silicates can be utilized where sodium silicates cannot due
to contamination of the'miking equipment.

EXAMPLE 5

In long string cementing of a casing (4800 to 5400

20 feet depths, 1440 to 1620m) through an anhydrite formation,

12,000 1bs (5448 kg) of rapidly dissolving potassium

silicate powder of the present invention are mixed with

12,000 1bs (5448 kg) of commercially available ethyl acetate

and 300 barrels (47.7 m3) of water which solution is pumped
25 as a preflush ahead of the conventional cement slurry.

Following the gelling of the preflush in the formation

and setting of the cement about the case, sonic

testing is performed and shows that the cement,bdnd is
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known acid formng gelation agent for 5. silicates) to assist in‘and-
$sure proper gelling.. EXAMPLE 6 In an offshore well, having a formation .
sowh to be unable to support the cenent colum, a pomdered pot assi um N
silicate solution is mixed for sealing and stab|I|Z|ng the 10 formation. \J
The solution is prepared by dISSO|VIn% 120, 000 I bs. (54480 kg) of the '
hi ghly di ssol vabl e potassium silicatd%3 n 30,000 gallons (113.7 m) of sea,
water. This solution is punped as a preflush through the based drill striwig
ahead of 200 barrels (31.8 nB) of cenent slurry. The drill string 15 is
then raised and the casing is |lowered foll owed by conven- tional cenenting

of the .casi ngsathefretaryi ngSetinmtisildedtei shlubtonastightacivtees a

satisfactory %E%Qggkgto;y'§1ﬁ%§”ﬁld%diQQW%ntB?Eeﬁsgbéuréfﬁbdﬂ”@%@%ﬁﬂt%bhhgate
in locations where storgge of silicafe solutions wou ogﬁy

can be achi ev@d. angRdel “éa%% i 15tu@tsat §§°‘f?1etrfeed‘lﬁ?ec? 5§’les
transportatloacemdtbabdlwagﬂeknqnw@e:@dosmﬁngagekaﬁmomanﬂneworo aqueous

gP rinhydrite formation. It also shows the dse of the ethyl acetate (a
kaia

silicate s@l uigi;9Q tg tPETasdiie i aml €050QYErE Nat thg§hegand brines.
can be utlllztgéiliQL 2a gg ass?%n1;?jicates Rhgrégg sodlun1§%?ica es 25 tend
to gel or floculate and be | ess H¥MMALE'S. - 20 - Exanple 7 Highly

di ssol vabl e pomdered potassiumsiTicate 1s mxed with
In an of fshore well having a formation known to

be unable to support the cement columni, a powdered potassium
silicate solutlon is mixed for sealing and stabilizing the
10 formation. The solution is prepared by dissolving 120,000
lbs. (54480 kg) of the hlghly dissolvable potassium silicate
in 30,000 gallons (113.7 m ) of sea water. This solution
is pumped as a.preflush through ‘the based drill string ahead
of ‘200 barrels (31;8'm3) of cement slurry. The drill string
15 is then raised and the casing is lowered followed by conven-
tional cementing of the easing."The resulting cement bond
with the casing achieveé a satisfactory strength.
This Example shows ;hat use of the powdered silicate
in locations where storage of silicate solutions would be
20 impossible can be achieved. This Example also illustrates
the reduced costs of transportation.anﬂ handling of powdered
silicates as compared to .aqueous silicate solutions. Further,
this Example shows that sea water and brines can be
utilized with potassium silicates whereas sodium silicates
25 tend to gel or'flOQul;te and be less effective.



‘i xture utilizing an agueous sodi um sil-i cate additive of equal silicat

%enent and tested in a standard APl thi‘ckening time test for an 8000 f oot
(2400m* casing schedule. This test-is made side-by-side with 5 a ces

strength. The first test conpares 3% by weight silicate-to-cenent mi X
The resul'ts show thi ckening times of about four hours for each. The

viMcosity of the potassiumsilicate run is substantially |ower throughout

.the four-hour 10 working time. dnitial strengths are |ower for the

~potggSiumsilicate showing a delayed strength devel opment in conparison

with the sodiumsilicate. Several simlar tests are run with varying
concentrations of silicates using both=fré8h water and sea water. The
results 15 indicate simlar thlcke%&g Hl s for the liquid sodium
silicate and the pomdered potassiun1sikrtgﬁé—zihe potassium silicate

m xtures show | OWGé iébﬁ}a!ﬂlre' ‘i:%w%@ieﬁe'p@‘:%‘isihfne@g.ﬁﬂcﬁﬂéekgpﬁﬁﬂéd with

Thi s Exanpl e shows t at ‘hi'ghl'y di ssol'vabl e powdered sili- cates of

the present I@éﬁéﬁt%@%@@dﬂﬁ& Y thalhqaede AP Tt Qhﬁt&enciugetamel €BERVEOr an
slurry wth control abl e thickening tinmes. 1t also shows that .potassium

silicate has oOPEoLbEeRUItOe g8 ing dehédywloy FHie cemtt ishadeisisie-oy -sdde with

fra

uses. 25 - 21 CLAIMS: °1. A rapidly dissol vabl e powdered
subst anfi al | yaapemembusixtyre atd liaing an muaours'amlw siilicstedrdsditiéveof

al kali metal oxide in the range of fromabout 1.5:1 to
equal 5111cate strength. The first test compares 3% by weight

silicate~to-cement mlxtqres. The results show thickening times
of about four hours for each. The viscosity of the potassium
silicate run is substantxally lower throughout the four-hour
10 working time. 1Initial strengths are lower for the potassxum
s@lidate showing a delayed stréngth development in comptrison
with the sodium silicate. ) | |
Several similar tests.are run with varying concentrations
- of silicates us1ng both fresh water and sea water.. Thé results
15 - indicate 51mllar thlckenlng times for the liquid sodium silicate
and the powdered potassium silicate. The potassium silicate
mixtures-Show lower viscosity slurries and delayed.strehgth
development. | |
This Example shows that highly dissolvable powdered sili~
20 cates of the present invention can be mixed.with cement to pro-
duce an improved slurry with tontrolable thickening times. It
. also shows that potassium siiicate has properties which provide

improved cement slurries for some uses.

25



@out 3.3:1, said alkali netal being from $odium potassium5 or a mxture

the two. 2. " Asilicate according to claimi1, wherein said ratio of

| i comdioxide to atkali netal oxide:s in the range of fromabout 2.0:1
to about 2.7:1. 10 3. A silicate according to claim2, wherein said
rati o of Iﬂlllllﬂﬂ““uylllﬂmro al kali netal oxide is about 2.5:1. 15 4. W’
A silicat Mlaim1l,2 or 3, wherein said alkali netal oxide is
substantidilf al'l 'f)ot%ssiumoxide."S.Z1 T A silicate according to any ofs
claims 1 to 4, which is partially hydrated, having a water content in-tﬁ!*

- range 20 of fL%Eh§b°“t 12%to about 20% by weight. 6. -~  Asilicate

according to , which has a water content in the range of from about
14% to about 16% by weight. 25 7. . A silicate according to any of

ol ai T 110 61 whereln Fhgiapy LIRS BoddeRtE! PIOMETIN 0! A Lype
resulting fromra r nd coqling of _an al kali g .siligate .-

sol ution. 30 ag_or%hous %\igfg?;%%t}?‘%%%dimﬁéaforﬁﬁwp?gg%’gfr‘rfgmbld&P Ld%her ei n
a substanti al tporikehiofetal gkde clredhearangespfefsomldmoutt Harb :40Lwesh
(U.S. Standarghout 33321, -sdid alkaﬂ&5ﬁéthqab€iﬁECPF6%rgbéfhddi¥d9a§s§u§(417

or 8, which silicat as the formula [err]
g or aamgxture of the two.[ rrl

2. A silicate according to claim 1, wherein said ratio
of silicon dioxide to alkali meta; oxide is in the range of
from about 2.0:1 to about 2.7:1.

10 _ _
3. . A silicate agcording to claim 2, wherein said
ratio of silicon dioxide to alkali metal oxide is about
2.5:1. o - '

15 4. A silicate according to claim 1,2 or 3, wherein said

alkali metal oxide is substantially all potassium oxide.

5. A silicate according to any of claims 1 to 4, which
is partially hydrated, having a water content in the range
20 of from about 12% to about 20% by weight.

6. A silicate according'to claim 5, which has a water
content in the range of from about 14% to about 16% by weight.

25 7. A silicate according to any of claims 1 to 6, wherein
the particles are in an amorphous state of a type resulting
from rapid drying aﬁd cooling of an alkali metal silicate
solution. '

30 8. A silicate according to any preceding claim, wherein
a substantial portion of the particles have a size smaller
than 40-mesh (U.S. Standard).



water content in the range.of from about 14%to about 16% by wei ght
hydrated silicate. 10.° A silicate according to any of clains 1 to™6; .
wherei n said powder is conprised of anorphous particles ©
produced by precipitation of potassiumsilicate froma potassiumsilicate
sefution resulti ng fromthe introduction of a dehydration ﬁﬂﬂ'ﬂ"’"

sol ution. 11. A silicate according,to_any of clainms 1 iR mmﬂmm '
comyyj ses a nixture of sodiumsilicate and potassium silicate “whérefn the

"molar ratio of silicon dioxide to sodiumoxide in the sodiumsilicate is.in
the range of fromabout 1.5:1 to about 3.3:1; and the nolar ratio of

silicon dioxide,to potass] ide_in e tassi.um.sil Lcate is 4n the
range of from a%but 1. gffitlig)cgﬁgu?cﬁ‘?%&%s %8) %;.ai% ! ’R’B(’Jaﬂzr%ﬁ é51 I‘fhrc}é:the as
clained in clai sdlicatmhdiamitingl Fpravlaerei n described in any of the

Wherein each Mis sodiumor potassium ’and said powdered 5 silicatﬁégigha g;ﬁ
e ]

Exanpl es. 13. An agueous solutign of a silicate as clainmed in any 25 of
claims 1 to 12. 14. A s((ﬁiﬁai‘gao ccB:gQi.i ng to claim13, which further
i ncludes a salt. 30 15. A silicate solution according to claim 14,

wherein the solwhersithamadiedh isadediipn byr dpet=msiiung Bhd saldcpowdemredrine.
-23 - 16. 5 5&1@3J¥¥jﬂgﬁ QT%Q%Ebnggﬁﬁeﬁ@ffﬁ‘JHE’@%thnoEOerBWQBJEk 14%
' to about 16% by weight of the hydrated silicate.

10. A silicate according to any of claim$_1 to 6,
wherein said powder is comprised of amorphous particles of
10 the type produced by precipitation of potassium silicate
from a potassium silicate solution resulting from the
introduction of a dehydration agent into the solution.

11. A silicate according to any of claims 1 to 10,
15 which comprises a mixture of sodium silicate and potassium
silicate wherein the molar ratio of silicon dioxide to
sodium oxide in the sodium silicate is in the range of
from about 1.5:1 to about 3.3:1; and the molar ratio of
silicon dioxide to potaséium oxide in the potassium.
silicate is in the range of from about 1.5:1 to about 3.3:1.
20 - '
12. A powdered silicate as claimed in claim 1,
substantially'as'herein described in any of the Examples.

13. An aqueous solution of a silicate as claimed in any
25 of claims 1 to 12.

14. A solution according to claim 13, which further
includes a salt.

306 15. | A silicate solution_éccording to claim 14, wherein
the solution has been made up by dissolving the silicate
in brine.



e

'th cenent conprising the step of fl'ushing the earth formation with an
ﬂutlon as clained in claim13, 14 or 15. .5 17. A met hod *
corm

'!l j' mﬂﬂmrerel n the silicate is potassiumsilicate, and v
wherein h formation is prepared for bonding w tth cenent by
flushing said anhydrlte earth formation with sai d aqueous solution 10 of \)
potassium silicate. 18. A net hod,@f preparing an aqueous silicate '
sol utien for use in connection with seallng or cenenting earth fornmations~

conprising the steps of: preparing a silicate 15 as clained in any of T
claims 1 to 12; transporting said silicate to an earth formation | ocation;

and di ssol vi ng sai d pf%jeﬁ:r”f% SIfJ lp?%g? § R Wt art]hg f‘o éloge%ggd ?ﬁ&%%l ng

to claim 18, V\Plérel n ‘sal consi s eSSt assi
silicate and uhbhe¢¢an§£iQﬁﬂﬁﬂ@bﬁhﬁgtbeept%mn%ﬁiﬁ#&?hﬁnslﬁ@esaﬁdtpomdered

silicate wit hf‘@hhé‘@ior?@uth arPaqBlebad 9615€H4A Nk &1 Adeldh 1thoemaEmnoN3,
cont ai ni ng 256? %g ﬁ%1po yval ent cations or salts, conpfising the steps of:
assi '

preparing a p silicate solution by mxing water with a rapidly
di ssol vabl® partially hydrated powdered substantially anmorphous potassi um

silicate havi 'i‘? a ol grydHdd a%o%hhhgoﬂo déPa(ingelé Ovﬁx@&%%' ¢HeSk5hlg8h€ei N
the range 30 o out. 3. 3: a water content.in the

f r om about § to a :
range of front3bBRt23%HY & €163 “Uﬁﬁfﬁﬂ %ﬁ %ﬁﬁﬂ?ﬁ&&ﬁt?éFF? hydr at ed
pot assi um si | fepmatiomt i drepareth€opr bpad fug pok tds iemensi byc £Lasbohgt i on
into the eart,{Qr iy AWt PorREc108 Pﬂﬁ%&i@aﬁdeo‘ﬁ@ So8tibhoN tO

gel into a
10 of potassium silicate.

18. A method of preparing an aqueous silicate solution
for use in coﬁnection with sealing or cementing earth
formations comprising the steps of: préparing a silicate

15 as claimed in any of claims 1 to 12; transporting said
silicate to an earth formation location; and dissolving
said powdered silicate in water.

19. A method according to claim'18, wherein said

20 silicate consists essentially of potassium silicate and
wherein said dissolving step comprises mixing said powdered
silicate with brine.

20. A method of Sealing an earth formation containing

25 di- or polyvalent cations or salts, comprising the steps of:
preparing a pdtassium silicate solution by mixing water
with a rapidly dissolvable partialiy hydbated powdered
substantially amorphous potassium silicate having a molar
ratio of silicon dioxide to potassium silicate in the range

30 of from about. 1 5 1 to about 3.3:17 and a water content in
the range of from about 14% to about 16% by weight of said
partially hydrated potassium silicate; introducing the
prepared potassium silicate solution into the'earth formation;
and allowing the potassium Silicaté solution to gel into a

35 belatively firm impermeable mass thereby sealing the'formation.



35 relatlvely firminperneabl e mas's théreby sealing the fornatlon
21 A net hod of sealing a vugular matrix or
jconprising the steps of: alternately introducing into the formation an
aqueous sol ution of potassiumsilicate as clai rred”mmm -t
r(mnt ai ning di - or polyvalent cations or a type su nlm,TMHMQ t he

assi.umsilicate solution; and - allow ng the pofasSium | &cate sol ution
to gel thereby sealing the vugular, ‘malri x or channel portions of the earth

forggtion. 10 22. A net hod according to claim 21, wherein said fluid

——

containing di- or polyvalent cations is Portland cenent containing calcium
cations. 15 23. A net hod according to claim2l, wherein said fluid

containing di- gn,_pol yVﬂ'anﬁthiaTolfO'S%aQQHEraS%ngIdrHQ:abz&x or chennel
cementitious nlxtugg ﬁP Sin % n1x% h -cenent. omd Q and, a gomdered
silicate as cl affE éﬁ%f 6 PELSLRE & ?osﬁ S ﬁﬁ“?ﬁﬁ} ved

met hod of sealiﬁgtocdmmﬂnsnmnky &meeﬁprmatmonnamoaquﬂouduamﬂypeoutoflzing a

silicate sol utiggyateudh r@lq%@%nhscemihéanﬂnt@faf& aps a% apm?a' ng said
sili- 25 cate solutjon at_the earth fornati on [ ocation dissolving in

wat er a powder e8°RF2i2iR& da‘s" OraiPREdvAHeRRyCRFLUNS s a1 Beliul’éﬁﬁle
utilizing the réenlgehlimmlte Eotassiandssbhtatg sentiiong aedhod.

allowing the potassium silicate solution to gel thereby
sealing the vugular, matrix or channel portions of the
earth formation.

10
22. A method according to claim 21, wherein said fluid
containing di- or polyvalent cations is Portland cement
containing calcium cations.

15 23. A method according to claim 21, wherein said fluid

containing di- or polyvalent cations comprises brine.

24. A cementitious mixture comprising a mixture of
cement powder and a powdered silicate as claimed in. any of
20 claims 1 to 12.

25. An improved method of sealing or cementing an earth
formation of the type utilizing a silicate solution, the '
improvement comprising the steps of: preparing said sili-
25 cate solution at the earth formation location by dissolving
| in water a powdered silicate as claimed in any of c¢laims 1
to 12; and utilizing the resulting solution in said sealing
cementing method.

30 _26. A method according to claim 25, which further
comprises the step of adding a gelllng agent to said
' solution.



fra.

30 26. ———A-nethod according to cl aifm 257 which further conprises the

#ﬂi- o £

st adding a gelling agent to said solution. 25 27. A net hod of -
tr g aﬂ t with a sili.-cate solution, substantially as
hervi Y des IWH ,I m"ml mpl es. : . : S
| L A ' . o N
- 25 = v . —
)
27. A methdh.pf treating an earth formation with a

silicate solution, substantially as herein described in
the Examples.




