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S N d" (72) Inventors: MOFFETT, Robert, Harvey: 6 Crossan CdliP¢ 2004
Landenberg, PA 19350 (US). SIMVONS, Walter, John; 451 Scrabbl e Road,

Mart i nsburg,w %21 01 (US). For two-letter codes and ot her abbreviations,
refer to the™dI*7ance Notes on Codes and Abbreviations” 2BPEESI0RE%t t he
begi n- ning of each regular issue of the PCT Gazette. C (54) Title:

CONTI NUOUS PRODUCTI ON OF SI LI CA- BASED M CROGELS 0 (57) Abstract: A

conti nuous process is provided for prepa-nmgg SI I | ca microgel s using carbon
di oxide as a gel initiator at B east about 172 kPa (about
25 psig). Consistent EQNFMH%B QPUrﬁTé@Uﬁ 51&1391‘* Bésﬁpd\‘ﬂﬁ@ﬁﬂ$h varyi ng
production rates. 1 June 2004 WD 01/42137 PCT/ US00/ 32999 TI TLE CONTI NUOUS
PRODUCTI ON OF Sl LI CA-BASED M CROGELS FI ELD OF THE | NVENTION 5 Thi s

invention relates to a conti nuouEIELOFEHEANVENIRANI ng sil i ca- based

m crogel s whergby con of be..achi eved with
varying product I on ra@gwﬁgﬁéﬁ &ﬁ%%% gf%?nﬁﬁhﬁlopﬁg licate
mcrogels (i.e., mmgdawh&elbxﬂonmmmthmﬂmraf the/michogelpan bé ahievgewalh i on of a
soluble silica) are ovvn in the art. These mcrogels can be prepared

wel | .k
by partial gel atlxgﬂmgﬁprgﬂm PR netal silicate by mixing the silicate with
a gel initiator, aging the mxture for a short tine, and then stopping

further gelation by diluti (3 atgors are also referred
to as "neutralizing agents” MM‘T i‘%@%ﬁ@%ﬁ M neral acids
and alum are the nost peREITER mcro@érph@ya@heg@ solufibis! fadn¥t By tHagktal | Ng

m crogel s have commercial utility as drainage and retention aid in paper
making, as a fIo&?@F‘%‘E?’B’rFOB’B]éﬁEhW)ﬁ“p‘B?HaIH!°@m”Wé?é‘?‘ Phses microgelssan by ant s, and

in simlar appli GadgaRA %y partial gelation of an alkali metal silicate by mixing the silicate with a
gel initiator, aging the mixture for a short time, and then stopping further gelation

by diluting the mixture. Gel initiators are also referred to as “neutralizing agents”
15 and/or “activating agents”. Mineral acids and alum are the most commonly

employed gel initiators. Resulting microgels have commercial utility as a

drainage and retention aid in paper making, as a flocculation agent in potable

water purification plants, and in similar applications.

20 Several practical factors currently limit commercial use of polysilicate
microgels, although they are excellent flocculents and environmentally benign.
For example, microgel solutions are necessarily dilute, making it impractical to
ship large volumes long distances. Therefore, microggls are typically produced at
a field site by the user. Microgels also are prone to gel and to form silica deposits

25  inequipment used to prepare the product. These problems can be overcome by
equipment design and trained personnel in a factory environment, but present
greater difficulty in field applications where the equipment should be relatively

easy to operate and maintain.

30 Batch and continuous processes have been developed through the years to

produce silica microgels. However, consistency in product performance has been



20 Several practical factors currently limt conmmrercial use' ﬂh‘nep%ﬂoﬂfsi l-i cate
m crogel s, although they are excellent flocculents and environnentally
beni gn. For exanple, mcrogel solutions are necessarily dilute, making it
i mpractical V801843 | arge vol umes | ong di stances. Theref orPETR¥I28Yel s are
typically produced at a field site by the user. Mcrogels also are prone
to gel and to formsilica deposits 25 in equi pnment used to prepare the
product. These pr hy ' L trai ned
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field applicati oneriefseféntivéthegontpemtpredesiul d be relatively easy to
operate and maintain. 30 Batch and continuous processes have been devel oped
‘through the years to produce silica mcrogels. However, consistency in
product performance ha@sfhifancelof diliddmrrogele4s oedieiAd Bekn REFAISGOMFREO9 f ound
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as flocculents ha&‘ﬂﬁﬂﬁ&tﬁﬁ}ﬁ%ﬁ&t&@ﬂl&iaﬁm&lesﬁedf—‘tﬁ@ﬂﬁi@éﬁel%@&&e&ﬁr@ﬂ—lﬂg the

e

silica mcrogels to the proper size before use, Two of t nost i1 nport ant
factors that af f efing pastiagslatiogrof fhesilicte petyerctipn bapedéchdpdudspmizeg  ng
partial gelation gfe biigs MW&%% bE@GL bR dildiOE of MLk hidfdeHdes m xing

time, but is primarily aging ti or time until dilution of the silica
m crogel solutiowutid® During partial gelation of the silica, pHis
difficult to gpntrol when using a strong acid, such as sulfuric acid, as
the gel initiator because typically about 85% of the silicate alkalinity
is neutralized so theDwiiegwaél selationtoé the sidide, gHiicdifficula forqontrolpyhep asiag 2 on.

Smal | changes in gh {0l L 5 r riati.ans in 15
pH, which in tur nShPr?é%FHf)’s{%aég uglhlg‘légsc“?%\é){hﬁéginﬁ%a&%ggﬁah% t%gca\é{t%ﬁ bﬁ%rﬁ 8?ni;"’cr ogel
performance. |n aflietsdiate eligindy js reewalizedse thd mierogelwablee wadqdivkiz hitanged.

However in a continuous Jeactor. reaction tine.is term ned. by .the fl ow
e ot the r eaotrrnbD Sriflchilees it ARt & e sl it VR0 Lt o
of the reactalst s pi, ehizhangmdesuftdn changes in the microgel size and in microgel

performance.

In a batch reactor, reaction time can be easily changed. Howeverina
continuous reactor, reaction time is determined by the flow rate of the reactants
20  and the volume of the reactor. If the flow rates of the reactants are changed, for
example, to meet a change in demand rate for the silica microgel, then reaction

time, size of the microgel formed, and therefore, microgel performance, will vary.

Moffett and Rushmere, in U. S. Paients 5,279,807; 5,503,820; 5,648,055;
25  and 5,853,616 disclose improved continuous processes for preparing polysilicate
microgels wherein silica deposition is greatly reduced by mixing a soluble silicate

solution and a gel initiator under specific conditions.

Moffett, Simmons, and Jones in U. S, Patent No. 6,060,523
30  filed July 20, 1998 disclose a continuous process for preparing polysilicate
microgels wherein elastically deformable vessels are incorporated into the

process. Such vessels enable dislodging of deposits formed on vessel walls.



exanple, to neet a change in demand rate for the silica mddlj’é??—o%en
reaction tine, size of the mcrogel forned, and therefore, m crogel
performance, will vary. Mffett and Rushnere, in U S. Patents 5,279, 807;
5,503, 820; S5WBAY4BEE: 25 and 5, 853, 616 di scl ose i nproved OSIYSH0E98Y
processes for preparing polysilicate mcrogels wherein silica deposition is
greatly reduced by m xing a soluble silicate solution and a gel initiator
under specific conditions. Mffett, Sinmmons, and Jones in U S. Patent No.
6, 060,523 30 filed July 20, 1998 disclose a continuous process for
preparing pol ysil i cat ¥hilefhe desigais taugltten these peteats tésola il yudigeaeased| e vessel s

are incorporated £ ess. h v S ; di,sl odgi ng of
deposits forned 8%%@8%’3?“%%%?@’?’3 DrT%%ﬁlﬁleu@%g%%%%%%Egi%ﬁﬂﬁ%gw 32999
Wi | e t he desi gngudlayighén provdutivesete pAiinisssieeiritd. Whemnfltedracke 6f otk

deposi tion, agd havg fo%nd cormerc(%Fal %Jti l.i tti?clﬁ’-x there remains | ack of

consi stent qdal FEREHEH OIRSHTANY R Fmand Brodection (g5 aang Y changesfid \men f1 ow

rates of reactanhénch, sie@f GBaIGeL! BBl pYFsntaik® B WaN dTHYE QRb sk @ikt I at es,
aging tinme changes and , hence,- size of the mcrogel forned and perfornmance

can vary. Thus, pfemodpte fRiypyingperfimantst e for varyi ng performance. A
conti nuous process that could reliably produce polysilicate m crogels of
10 consistent quality having consistent performance at different production
rates in the same equfsEBous@qses thaleould mhiabbipredice polpslirgisariciperls of have
hi gh uti |'i ty.0 SUMARY i Qaily adinMENE L R oI R G R R SE R el HubRIA REQYT des a
conti nuous process for preparing 15 polysilicate mcrogels conprising: (a)
contacting a feetesupeegwnmeniie meeigryingsinitpmer deonandsevovidiarehigh vifldy.si | i ca
source is selected fromthe group consisting of an aqueous solution of a
wat er soluble silicate, a colloidal silica sol, and conbi nati ons thereof,
wth a feed stream conpri si n(BUMMaAdRY OFAEHTH NV E Nnt acting vessel to
produce 20 a m xture; i i i i vessel to
Partially gel the m xites iheithvidf Mothithe piolesdfir bt

15  polysilicate microgels comprising:

{a)  contacting a feed stream comprising.a silica source, wherein the silica
source is selected from the group consisting of an aqueous solution of a
water soluble silicate, a colloidal silica sol, and combinations thereof, with
a feed stream comprising carbon dioxide ina contacting vessel to produce

20 a mixture; and
_(b)  aging the mixture in an aging vessel to partially gel the mixture to produce
an aged mixture, '

wherein the contacting step, the aging step, or both, are performed at a pressure of

at least 172 kPA (25 psig).

25
The stream comprising carbon dioxide may contain free carbon dioxide,
typically in the form of a gas or liquid, or in the form of a material that will
release carbon dioxide under reaction conditions. Mixtures of carbon dioxide with
other components are also contemplated.
30

The present invention and its particular embodiments provide advantages

in a continuous process for preparing silica microgels, which include better pH



wherein the contacting step, the aging step, or both, are pb/##RH at a
pressure of at least 172 kPA (25 psig). 25 The stream conprising carbon

di oxi de may contain free carbon dioxide, typically in the formof a gas or
liquid, or i WOtWE2BBrmof a material that will rel ease carBsdwsgiaesde
under reaction conditions. M xtures of carbon dioxide with other
conponents are al so contenplated. 30 The present invention and its

particul ar enbodi | ' |0 : ss for
reparing silica Croy ol e SRAIE RS Sred o oL HOSRESEES" o
01142137 PCTI USCQhiz22€i%ize et peoformbmet; eminhigonstf efpongimsn@altabigs eledpredesscans ar e

contacted; nore cgnsistent 1 crogel size and perfaornmance; elimnation of
strong m ner al acT dcssn ;Iar%w{i]ﬁ%esa%@y%gréeglgs,asw\%ﬁ%lﬁw&%\%paaéa%t °§§?’é‘?‘§/f°lseé‘{?8?’ﬁ S as

wel | as | ower equb paieive siliasdepositsyand effeidnaittm birge intthe @RRWetes slipgpBas deposi t s;
and efficient ylsj'gEs%m purge in the event water supply is 5 lost. DETAILED
DESCRI PTI ON THE™ NVENTI ON Pol ysilicate m crogels are aqueous sol utions
formed by the partial gelation of a silica source, for exanple, a water
soluble silicate, a collaidal_silica sol, or 10 conbinations thereof. Vater
sol ubl e silicates includdBIALED DESGRIRTION. QF JHE INVEXTION | | cates, such
as sodium silicate, h@Mkﬂﬁgcatermﬂcfogagr%Eq&&mmmtmrfma%y BRphrilbfibP 3- 3
parts Si Q2 by weight: crogel s formed fromsoluble silicates typically
are conposed 15 ofaggisaousspdor xprelg, asvatsrselubla pilipais, a solipida siicasolpmmet er of |
- to 5 nmand aggsurfachatit8degf at | east 500 n2/g, nore typically of at

| east 1000 nR2/g. The particles are |inked together during preparation
(i.e., during partial gelation) to form aggregates having

t hr ee- di nensi onal net chal | RN ource i s an
aqueous sol ution of aw\/?\i/fstet¥ gorlaggfltﬁj%%g E}%}ﬁdggolg%lg&aggx E%%?%ﬁdigéylslg%t%tsgc}gol S are
comrer ci al |y avaiab sidiven sifiate, bovanpph 85 mbst oomuzon form one part Na,O to 3.3 parts

810, by weight. Microgels formed from soluble silicates typically are composed

15 of water and linked silica particles having a diameter of I to 5 nm and a surface

area of at least 500 m2

/g, more typically of at least 1000 m?/g. The particles are
linked together during preparation (i.e., during partial gelation) to form aggregates
having three-dimensional networks and chains. Preferably, the silica source is an
aqueous solution of a water soluble silicate.

20

Colloidal silica sols are commercially available, for example, from E. I.
duPont de Nemours and Company, Inc., sold under the name Ludox® Colloidal
Silica. Silica sols useful in this invention are composed of water and discreet
silica particles having a diameter of 4 to 60 nm, preferably less than 50 nm. The

25  sol particles also link fogether during partial gelation to form aggregates having

three-dimensional networks and chains. Microgels formed from silica sols will

typically have a surface area in the range of 50 to 750 mzlg.

At a pH below 5, polysilicate microgels sometimes are referred to as
30  polysilicic acid microgels. As the pH value is raised, these products can contain

mixtures of polysilicic acid and polysilicate microgels, the ratio being pH-



duPont de Nenours and Conpany, Inc., sold under the nane Lu?jéj)y(Tee%? 4

Colloidal Silica. Silica sols useful in this invention are conposed of

wat er and diﬁ&ﬁﬁﬁ” silica particles having a dianmeter of 4 to 60 nm
preferably 1'ess than 50 nm The 25 sol particles also |ink Sg8¥E duri ng
partial gelation to form aggregates having three-dinensional networks and
chains. Mcrogels forned fromsilica sots will typically have a surface
area in the rangdemhddnd Asus?GRereiR/thy ter “m@hypiHchemtods]” op otiNGi hicase

m crogel s sonetines are referred to as 3Q polysilicic acid mcrogels. As
the pH value is F%?@?&FCQWB‘&ECS&?BBWE’{?}%‘“ E%‘i"ng‘@d%fyé’ihﬁate RiSke&kes of polysilicic
acid and polysilicate mcrogels, the ratio being pH 4 1 June 2004 WO

01/ 42137 PCT/ USO0/ 32999 dependent. As used herein, the term"polysilicate
microgel " or "silica rAlHisgEemicrogehciqayenly araprodificdthy ircgmeratipy piyminiaieci ¢ aci d
and pol ysi | i cat eiggk ahOBEk Sruched. Vit bivsdhin FhFbOFeks dbeaMeNhl Y are nodified
by incorporating alumnate 5 ions into their structure. The al um num may
be present t hrougblbtikicatcegipeatsssoriontypngheinsgrieasadependingronoviiere thn t hei r

surface, dependi ‘gﬂﬁm : ' : ' t he process.

Al um num may be glg e %E{cﬁgﬁag%get@ﬁg %}-a&%ggt %%ﬁ%@?%gg%%?%ﬁ%‘? oh, and thus
to decrease the #gingofiinwgel fprmations and thudie deasasathe agingtime.ahBmnimind ows t he

m crogel to retajy.k H onditions. Si.lica sols may have
al uni num i ncor po%{ahteae%ssﬁl'%gﬁﬁgElg(g%nOg&a%\r{yﬁon&llujeog?ﬁ%segmu%secgmﬁeeF%el?‘ﬁ ,pﬁt he term

"pol ysilicat é0mi condijiohs. Sjlica'sels kiag havriabmageh Incorparhtad bsthe @O byrsicled. at e

m crogel s cont ai pi al un hum. i.ch ar.e sanmeti.nes referted to in the art
as pol yal uni nosi F‘?egg reemflitlﬁ%:{r%%e?o\é\ygﬂfgte&ﬂf’%{a tcfrnﬂmfaarfmtc’f?gglpfn@ ft invention, a
feed stream conppdlgsilivgteanisrogdl Cavn@biiipCAymibite, which dré @melipedrefieemth, 1S
contacted with a,feed streamc ri sing.carbon dioxide. The silica source
i s sel ected froﬁhFﬂ‘gabQO 5‘?‘?@‘\%8??’?’1‘60 S-an aqueous solution of a water
soluble silicate, a colloidal silica sol, and conbinations thereof. The
term 20 "coniﬁgtin " refers to conbining the two feed streans such that the
streans bec 22 M xi ng_ is typically acconplished by turbulent flow
of the feed streans. > PRETSFI fveptioBifeed stigam rompsispg gsiica @ugsythe onvent i onal

water soluble  «slica feed stream”, is contacted with a feed stream comprising carbon dioxide.

The silica source is selected from the group consisting of an aqueous solution of a
water soluble silicate, a colloidal silica sol, and combinaticns thereof, The term
20 “contacting” refers to combining the two feed streams such that the streams
become mixed. Mixing is typically accomplished by turbulent flow of the feed
streams. The silica feed stream can comprise any conventional water soluble

silicate solution and/or colloidal silica.

25 When the silica feed stream comprises a water soluble silicate solution, the
silica stream should have a silica concentration in the range of 0.5 to 15%,
preferably 1% to 10%, and most preferably 1 to 5%, by weight. The microgel
generally will be formed too slowly for practical use at concentrations below
0.5%. Above 15% silica, the rate of gelation is too fast to effectively control

30  when using a water soluble silicate. Commercial silicate solutions having higher
silica concentrations can be used with appropriate dilution by adding water to

reduce the silica concentration.



silicate solution and/or colloidal silica. 25 Wen the silit#"ee4stream
conprises a water soluble silicate solution, the silica stream should have

a silica con jon in the range of 0.5 to 15% preferabl %10 10%
Pty Bt pe

and nost pre 1 to 5% by weight. The microgel gene

formed too slowy for practical use at concentrations below 0.5% Above
15% silica, the rate of gelation is too fast to effectively control 30 when
usi ng a wat er sol ubl e Whdnithadiléca fésdsmeatrceontprisdslaicoldidnl sibtakol, dmthe hlgendag hi gher

silica concentrations can he used w t.h appropriate. di] uti.on by _addi ng water
To  reduce the oi PG SnuERsHETT. o i SRBTES bt Dot iRy TR

PCT/ US00/ 32999 WgRcatddgeehtrdtios th the 89d Sita@anh BOMP Ednas tha sTied dkeldhisi | | ca
sol, in the absence of a water soluble silicate, the silica stream can be

used wit hout di | ulbithsrsilicrsel ordessi Rusfesablicthnilicheppisniration Highe gk fesd eam can be

the same as the sigehfgs nARGERELATIR R 5004 bl BRigh, Wh&fe ®0bidalQllich 63%s
Preferably the silica concentration in the silica feed 5 streamis in the

range of 15%to 5% ibthegkseristof a wWatshsodublesilicsiedal silica sol is used, in

t he absence of a water soluble silicate. Contacting the feed streans can be
carried out in any suitable contacting vessel, such as a tank, pipe, tube,
hose, continuous sti r Gegtactingithe fgbd airedthsean be eastiesk qut inGmy eiifablg cordacting

conbi nati ons ther Lve " d . ' used for
iU d, espect al |y Sihides BER e BBE noxt CARMER: Bl AN PR, g
st ream conpri $0 ngtubiag.pe comtdhatieniberasf. Thgyetm i‘vesdel alemtesiatholow eutfjécnused s
process, which ig}t'gates f%grrfti.gn of the 15 mcrogel. Wile it is
preferred to fee %t 'r“B’oeﬁpea’l %1'#8%as free carbon dioxide in the formof a
gas or liquid in the feed stream the feed stream can also contain carbon

dioxide in the formof_a mterjal that wil] relgase carbon. di oxide under
reaction conditions, f%FS‘g%afﬁ’idsgfmgffd’loﬁtﬁ?tH{W%%ngﬁugmﬁwl%ﬁﬁtﬂi’Bﬁent s,

| iquids or gasesdicHde @lagel ibitiator @S@Bitinubus fi@eSawhicintliaex fidRadmad et r eam 20
The flow rate i

controlled VOfSU (r)r;ca‘f’%c?‘)éﬁf :@%?vg?%&%?@g\%?ﬁd%é% 'eXiBTe-Fes&’?fsﬁ Br@g‘g’f i%xq?%ingg) due to
t he the form of a gas or liquid in the feed stream, the feed stream can also contain

carbon dioxide in the form of a material that will release carbon dioxide under

reaction conditions, for example, sodium bicarbonate. Other components, liquids

or gases may also be present in the carbon dioxide feed stream.

20
The flow rates of the silica and carbon dioxide feed streams may be
controlled volumetrically (typically within the pH range of 6 to 10} due to the
buffering effect of resulting carbonates. Volumetric control offers the advantage

of avoiding pH sensors, which may require frequent cleaning, calibration, and

25  replacement.

Additional gel initiators may be added, for example, aluminum
compounds, especially when preparing polyaluminosilicate microgel solutions,
which may lower the pH. Other gel initiators may also be fed to the reactor, either

30  with the carbon dioxide feed stream, or as a separate stream. These inciude for
example, inorganic and orga_nic acids, such as sulfuric and acetic acids, acid salts,

such as borax, sodium bisulfite, ammeonium sulfate, alkali metal salts of



buffering effect of resulting carbonates. Volunetric cont r ol JBEFAPE t he
advant age of avoi ding pH sensors, which may require frequent cleaning,
calibration,_and 25 replacenent. Additional gel initiators _nmay be added,
for exanpl e, VaPUH Hum conpounds, especially when prepari né’CT $00/52999

pol yal um nosilicate mcrogel solutions, which may |ower the pH O her gel
initiators may also be fed to the reactor, either 30 with the carbon
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i norgani c and organic acids,. such as .sulfuric and acetic acids, acid salts,
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such as borax, s A8 aphfdBdes AAT 2R P LT A Fere Somples
1 June 2004 WO OZLhifidiba4s RevidsdSe @hsAR80 vagaehes, 031,078t al aci ds, such as

sodi um al um nate and certai n organi c conpounds, such as organic

anhydri des, am des and esters. A nore conplete list of gel initiators is
provided in Rushnere, U, S. Patent 4,954,220. 5 The contacting step,
subsequent aging step or both steps should be perforned at a pressure of

at |east 172 kPA (25 p5¢ epntactngptapysupecananyaging siepor bpfhstenssshgdd b Pa ( 2000
psig), the upper Ji4qut Ci49Galal - an @l cs than by
process limtati Jlr?lgwﬁrd%ﬁe?rg%?@ 0?%(%&%:%npazg?ilkn(gygsfl%bg}dﬁo ?erfor med at a
pressure in the riemgends,s00kPa(R0iBBde)PaugPBOlim sqtO®re hygiragyicaliBur pri singly it
has been found 1 ah abobieqsh BYBLEL, REESSM ProGaRl WRUGHSPLAGHCE I ON Of
silica mcrogels having a cons tent Size TS Achi eved, eve varying

flow rates. Fdr eerogpled at ppresiuretn thewrangtafs caBddoe 198 kRad S0weappa 3-fol d range

wi t hout the need to.vary.eith ilica.,concentratign or C02 flow rate. 15
The car bon di oxi d’é‘g?'e%&g%sfnrg@alﬁﬁsg)ee@éﬁ'fng?f%%t e%l?lva{eﬁgregsiuﬁ’ 805"“!" EEY stream
such that the anpusductidn ofsilibomicehigeix haléngadhdadstena sigeis atiewel, &vérglavarying ess t han
stoichionetric tg_lan ex;gss, based .on the ampunt .needed }Og neutralize the
al kalinity of thdlo% TRt o SXAPRLS prodypfionyaies AN BP Yepedlo Ve a3 ld 8P onet ri ¢

will typically 2Gif@aiithédect RaGEy MB9Oshica tdiCerka@rcdiCUR0W @eanoUNt , and
preferably at |east 90% of the stoichionetric anmount needed to neutralize
the silica al¥alinity. The anount of

The carbon dioxide feed stream is contacted with the silica feed stream

=]

such that the amount of carbon dioxide added ranges from slightly less than
stoichiometric to an excess, based on the amount needed to neutralize the
alkalinity of the silica feed stream. Slightly less than stoichiometric will typically
20  mean at least 80% of the stoichiometric amount, and preferably at least 90% of the
stoichiometric amount needed to neutralize the silica alkalinity. The amount of
carbon dioxide added can be less than 80% of the stoichiometric amount needed
to neutralize the silica alkalinity when carbon dioxide is used in combination with
other gel initiators. Preferably there is at least a stoichiometric amount added for

25  more consistent pH control. More preferably CO2 is added in an amount

corresponding to 100 to 500% of the stoichiometric amount needed to neutralize

the silica ajkalinity.

By silica alkalinity, it can be the alkalinity of an aqueous solution of a
30  water soluble silicate, e. g., of a solution of an alkali metal silicate, such as sodium
silicate. These solutions are basic and gel initiators are typically acidic. Water

soluble silicates are distinguished by their ratio of silica to alkali, wherein the

7



carbon di oxi de added can be | ess than 80% of the stoichi orre1[ \J‘i"l? ?aor%unt
needed to neutralize the silica alkalinity when carbon dioxide is used in
combination with other gel initiators. Preferably there is at least a
stoichionetric anmount added for = 25 nore consjstent pH control. More

pr ef er abl kel the fP@ﬂ%Mé@W%Maﬁfyawalébhwé%w@%oﬁaffrﬁﬁweés 100 to 500% of

t he stoichi0 ric_anmount need the sili al kalinity. By
silica al I?gllcgel%?l{}my 't CEN B aﬁ? ﬁ%‘w aé:f’l OId Sllh%q‘soénlngﬁhlg%ﬁo atgol ution of a 30
wat er sol ubﬂcepa-tzﬂtm @ispeesed {i.an alihlirg m@iliumt |vmmhafabmzesaﬂld<;&hicld§1st al silicate,
such as SOdI %ﬁgﬁﬁ These sol utl ns_ar ic and gel initiators are
typi cal | y 585 ?}IOB ine Feyp can @it i &% % 'EY PIFUREREY by their ratio
of silicany@omikal i, wherein the 7 1 June 2004 alkali is of the formula MO
and Mis typically Na K, or NHerr]. Alternatively, silica alkalinity can
mean the alkalinity of a colloidal silica sol. In a silica sol, the silica
particles are gl.apefiP&hoh/icdie ahiKE dsBEin TR e YD & il zes the

particles to gelati'on. The al kal i ne medi um can contain, for exanple,
sodi um or 2advhe Ated mate phoarben digede wikizedn atsesp of heiselhbiliyofrabonni | | be used in
the absen ! Qnﬁé?eAJtE‘rcﬁjﬁLJ EncRhs&ar bon di oxi de
w il be |ﬁ%g%érgggtg#att@ﬁeglseg})lre%ﬁ{e%%l;é/teo car bon &ffﬁge c%‘gwater at the
gi ven pr essiublétyalfdarbm@@uéetdacreasesﬁsTheewpI@raaﬂﬂfoecﬁmmg@%@‘élﬁr solubility of

car bon di gxi de 82383, e for carrying out either stepis
typically {FPI qﬁ%‘:ﬁg f’fngff' @ Optionally, an alum num salt or

an al kali netal al um nate i's convenl ently added as a sol uble conmponent in
t he S|I|cateslut| add eparate streamto the

m xture. Excel a&bﬁ}g’l"%ﬁ"‘%‘ﬁgﬁ? t %15%1113% BRYAFR E@n

A f[err]g eﬂde]:llaSa Qlﬁtﬂé &onipah@t inakd silidate sbllil&orr angey efaddedds@0 to 1: 25,
preferably 1:1250 to al | t0.25% of rface silicon can be
repl aced B?%W?H}Fﬁmwt@e %@9"1 B‘%ﬁ&l fRosifigate fac 85%3 B in practicing
the invenh amd-08i0, GxﬁﬂHxﬁﬁ&h'ﬂﬁrﬁﬂg@ofﬁﬂémo&bﬂaa,@eferbbl?bubm conditions are
preferred, such that the feed streans are contacted at a Reynol ds nunber

of at | eadt501Gefdallyapdo pF%e bbusthdeysilicgn ermtbe repidgedbyell@@OumPr ef er abl y, the feed
stream conprising a silica source and the feed

While any conditions may be employed in practicing the invention for
contacting the feed streams, turbulent conditions are preferred, such that the feed
streams are contacted at a Reynolds number of at least 1,000, and preferably

greater than 6,000.

Preferably, the feed stream comprising a silica source and the feed
stream comprising carbon dioxide are simultaneously introduced into a mixing

zone where the feed streams coverage at an angle of not less than-30°.

After the contacting step, when the silica feed stream comprises a water
soluble silicate solution, the mixture should have a silica concentration of 0.5 to
15 wt%, preferably 1 to 10 wt%, most preferably 1 to 5 wi%. When the silica
feed stream comprises a colloidal silica sol in the absence of a water soluble
silicate, the mixture can have a higher silica concentration, i. e., a silica
concentration equal to the silica concentration in the silica sol or less, preferably a
silica concentration in the range of 15% to 50%, by weight. The pH should be in
arange of 6 to 10, preferably 6.5 to 7.5, when carbon dioxide is used in the

absence of additional gel initiators.



8”32?
stream conpri sing carbon di oxi de are sinultaneously int roduce
m xi ng zone where the feed streans coverage at an angle of not |ess than
30. After thwoxmt@atti ng step, when the silica feed stream 0&@9@ a
water soluble silicate solution, the m xture should have a silica
concentration of 0.5 to 15 w% preferably 1 to 10 % nost preferably 1
to 5 ww% Wen the silica feed streamconprises a colloidal silica sol in
t he absence of a water soluble silicate, the m xture can have a hi gher
silica concentrathghe |- €., a silica concentration equal to the silica
concentration in € silica sol or less, preferably a silica concentration
in the range of 15%:¢t Jhgo%turbjsaged@%agmgeasﬁdﬂfcslamuieduﬁﬁemhﬂto aéhigvafige of 6 to
10, preferably 6. ‘é’@ rbo .di oxide i s ed in the _absence of
addi tional gel iniétg‘réakz‘feﬁjfp pr 8“’ %W‘@Wﬁﬂ%ﬁg@ﬁ"@m“ém% Agi ng
The mixture iss awderally does @y take long&ﬁhdn ltseﬂimlaest IPBﬁaBgéfahbﬁpxemiceéﬁm?Ed’ll eve the
sual |y takes at |east I0 seconds

desired | evel of #1 ﬁel ation, \/\/{}Jt H

and 5 general | y 1o} 1583 ALFREAMST OLtHE %ﬂ%ﬁ?ﬁ%{&%@r PR chaips Qjélghtl on
produces an aged suffh@é'fattéﬁllcwﬂiﬁrﬁdﬁesll@ovﬁﬁlmﬁgﬂir%%t)@s&éatérﬁfcﬁ‘)%elg' ‘f’ﬁ\%‘\iﬂ
net wor ks and chai ns Of%??@gly-p surface area silica particlés kno I the art

as polysilicate MRIGRY Aiiemed ptApressyre grepter thated B 1A @5 peiek orned at a

pressure greater d:tynfcailk RAs fhap n t han
13, 800 kPa (2000 ﬁsﬂg?ﬂl TGRS b 1!;)@0609%)@3926;31@5%&&&H&ﬁgmﬁb@i‘%r essure in

the range of ¥44 33‘51%SSGSWG@WE’@OQW%%@)RHWOQQQM of desired
partial gelation varies with the selected ingredients and the application,
but generally is achieved within 10%to 90% of the tine that produces
conpl ete gel ati on. Thl]%eex%t(é"rdﬁl@dma@alrgemmahyswm sileved gedredidnese, and 15

adj ust the silicg,eqp parti.al gelation.
Al ternatively, |engt hg}gﬂ% or’bgﬁ?génlg?gf “?M?‘ﬁgqg‘&“ﬂ? g@él ?{hf' ture, and
flow rates, nay Poduespriomplete gelatom. Thysaar artisah aan ragifly detaddiasgel ﬁtﬁmﬁfﬂ ature

during aging jstyp, j L1 aﬂ Q I'n a continuous

process, aging ocaélgs?gﬂe)aélsﬂc?ﬁom oma %ﬁ%‘?& ﬂfegé? gﬁi‘z“‘é‘gl ng vessel, which

is typi cal | y an élltmga&bdlenghsmﬂor dmmarsfmssgmgveedel Yendporifirs bedlow '
rates, may be optimized for a particular application. Temperature during aging

typically is in the range of 0°C to 50°C.

,_
Xp3

20 In a continuous process, aging occurs as the mixture passes through an
aging vessel, which is typically an elongated vessel, and is essentially completed
when the mixture reaches the vessel discharge. The aging vessel can be any
suitable vessel, such as a pipe, tube, hose, plug flow reactor, tubing, or
combinations thereof. The aging vessel typically has a constant diameter, with the

25  diameter and length being selected to provide the needed residence time for the
mixture to “age” to the desired extent. A tyﬁical aging vessel has a diameter in
the range of 0.5 cm to 25 cm (% to 10 inches), and a length of 60 cm to 150 m 2
to 500 feet), to provide a residence time of 10 seconds to 15 minutes. There
generally is no advantage to employing a residence time longer than 15 minutes.

30

The contacting and/or aging vessel is preferably an elastically deformable

vessel (. g., a pipe or tube), as described in U. S. Patent No. 6,060,523 ;



when the m xture reaches the vessel discharge. The aging vesdie 2094 be any
sui tabl e vessel, such as a pipe, tube, hose, plug flow reactor, tubing, or
conbi nat i On%vé)tﬂﬁﬁfj‘?f' The agi ng vessel typically has a constant dianeter,
with the 25 aneter and |l ength being selected to provide FHEUEAHY
residence time for the mxture to "age" to the desired extent. A typical
agi ng vessel has a dianeter in the range of 0.5 cmto 25 cm('/d to 10

i nches), and a | ength offil&@Quly®0} 1998 5Dhereif 2 dedclib&Dcohmiohs prb@sploovi de a

residence time of 10.seconds to, 15 m nutes. Ther nerally is no

Lvant age o empPSPTE PAIRUGHUBIRORE PREC dirgur e AT B e RekE 30 The
contacting and/ oflesaghcd@s Ned§Siehpdrailp Beb@icd Hoy @he-Bltaed fo@alddye ﬂjﬁgﬁl@ mabl e
vessel (e. g., a_pipe or tube), as described in U  S. Patent No. 6,060,523,
9 | June 2004 WOHGHiHD eBhe pestol UalD, Brgeuel is qqnsigiyted of §metstial havpe (rter ei n i s
described a cgnt blﬁéiﬁﬂfgrﬁﬁt%ﬁ‘éﬁhaftQfsilidard@;l%ﬁé,Qx%(ﬁl?l:&ﬁbé dreAbErificchRgel s
wherein the elastically deformable vessel is described as being
tenporarily def ofgedsfarmatiantof the-vesselryiklhevarepmsi aghesivg dorerspemieersthe vesael f or m on
the vessel wall s, 4 i srr@d% i RAVd: (1) an 5
el asticity great aerf P{?ﬁc&aﬁ»@sﬁ%&%&%’b} °§ﬁ%ﬁ§£&%§§%§?"{b§’?‘i‘én Q(Hvlﬁ%n suréts%glé’
characteristics éafermedt Hegtofdarbonr dietideont pebsurds of stdsestel 72WPAI(2Dver come adhesi ve
forces between t . NSt S,.:f.h i N he deposits
to be di sl odged ﬁﬁ%ﬁse%ﬁgcka\%gg%ﬁ&lglgopeg%g%lrt&ﬁé%ﬁl&@égﬁg g%r %?10%8‘? oxi de at
pressures of lat depasts akhRrgdePAohe ywsiehy themesyre of tht Silicarered aed atboh or
elimnating siliga .de its, The.di sl.odged .10 osi t r urged fromthe
Vessel by the m SPURGRG PRSI PR AR Bt A BxPiredie ne

m Xt ure cont i nuotwslppsqdas sitica, thefedthghnebdi® s¥QEEMA and ASndvl eheflepas tes ar e
conposed of silica, there js no peed to segregate and renpve t hem fromthe
Xt ur e exi ti ng PTG B0 g Yesehizh e PR, AV aRETS H HGE B ng

def ormabl e  vess@sslsCespRRAS hipateyt RRAAPHIR toUhe Bonddefhd 8 @y &gy cont acti ng
and early aging 15 Eerl od of the Sroc_ess where deposits are particularly
prone to form VIfFPE ot heprgesss wherpiepesty are Rapichlgdy PPRSRAP™ nvention wil |
contribute to deform ng a defornable vessel, when such a vessel is used,

ot her neans of deform’_n%hthe contacting and/or aging vessel may also be
used. These include Whilethe useof pressure in the present invention will contribute to

deforming a deformable vessel, when such a vessel is used, other means of

deforming the contacting and/or aging vessel may also be used. These include

20  mechanijcal means and vibrational means. Mechanical means include squeezing,
stretching, or bending and releasing the walls of a vessel by a roller, press or other
mechanical device, or by varying external pressure on a vessel by a surrounding

fluid. Vibrational means includes use of sonic or ultrasonic sound waves.

25 Use of carbon dicxide also greatly aids in purging the reaction system,
which includes the contacting vessel and the aging vessel, to dislodge deposits
that form on the vessel walls. That is, purging, or flushing, occurs when the
pressure is reduced from the reaction pressure of at least 172 kPA (25
psig) to ambient. The process of this invention optionally further comprises a step

30  that involves purging of the contacting and/or aging vessels by dislodging
deposits that form on the vessel walls by rapidly decreasing the pressure in the

vessels. The reduction in pressure causes a change in solubility of carbon dioxide,

10



20 nechani cal nmeans and vi brati onal neans. Mechani cal rreans1|‘hr11'(]:€?2%0e

squeezing, stretching, or bending and releasing the walls of a vessel by a
roller, pre er nmechani cal device, or by varying ex essure
on a vessel 39%2%/4%%1% ounding fluid. Vibrational means incl &3@@3%3355

sonic or ultrasonic sound waves. 25 Use of carbon dioxide al so greatly ai ds
in purging the reaction system which includes the contacting vessel and
the aging vessel ,witich gthahwedggedopmsd dfgas mhtaipldlppmfge)me&ﬁ&nﬂeﬁﬁsak wal | s. That
is, purging, or flushi occurs en the ressure is reduced fromthe
reaction pressur é’aﬁll"ﬂlﬁfqgfl‘g’é%tf‘geiw PRSIEEA gWB‘;Iet"SssealﬁﬁFhéﬁ?maWﬂ%veﬁ?%cess of
this invention oghﬂ/gmbhgingwsgeher corrprl ses a step 30 that involves

purgi ng of the contacting and/or agi ng vessels by dislodging deposits that
formon the vessel walls by rapidly decreasing the pressure in the

vessel s. The rsedyglh®fialithePlr €Ssure causes a, change in solubility of carbon
di oxi de, 10 1 June 2004 WD 01/42137 PCTI USOQ 32999 whi ch generates | arge
vol unes of gas that r ”F‘H]E Larly

advant ageous when usi %g %% orgg[bé %i}%étg %H’%JF gné(r:%I tngd?%&{ogﬁvsgsosrel

and/ or the agi ng misigds, further gebiostation| Wblsemimeca@ebbumbwmmraqomhym licate

m crogel is gener | ] mn furt gel
formation. When e“é’fefl c}Eefscé&é"atgsiﬁﬁsgﬁ%nglgr%ﬁyibgggm ‘%ﬁuﬂ?rf% %f a wat er

sol ubl e silicat e,rechlbnsshdsilﬁ:atcﬁmaitraﬁ&ytob@s thass | [P, prefitdblitibgthag b t-hat reduces
t he silicac cent atlonft F t 100 refe abI | ess. than 5% - - 10
and nmost pref raB‘f“}s/mPgﬂe T e\’he m'g’y% tOtIHO‘i?F J:'ge‘idmﬁ'f“f'euf’red m xt ure,
or diluted pol ysnhte@pélsamma@rnqaegei Whe;mh& biﬁcasﬂeédsﬁamﬁeﬁﬁbrﬁésrmnheﬁnprl ses a
colloidal silica,sot in_ the abs nce o er soluble silicate, a

dilution step nmayiigt b njhe abjencgo WﬁtgrsﬂlﬁP]Fm@‘Fiﬁe adffutionstep e Ao Ay be a pH

adj ust ment step, ugd. &It@ﬂxﬁ@deﬂﬁﬂk@@aﬁn@rft niih;|b%EH&dﬁ§]ﬂ1eﬁ|§te§CHrld%Bxﬁﬁﬁﬁno§t eps,
whereby gelation is halted or retard pH adj ust nent step,
pH is typically Stfilitieeandril %@@gn@hﬁwsm@rebg@@awrls hatted pr g P ni ni ze
further gel figr m&momaﬁ%ﬁsmﬁ& 9H‘?§ty}5f38§‘hdjd§te“b%s§ Y epc@r sel ect ed
to arrest gel formation as wel he tréated m crogel after
dilution or pH a&]aBQﬁWmﬁaMﬁ@ﬁl fgmnation. Other teChmclueS kﬂOanfhe al'tmay

be selected to arrest gel formation as well.

The treated microgel, that is, after dilution or pH adjustment may then be
20  stored or consumed in its intended use. Alternatively, if the microgel is consumed
immediately, or if further gelation will be within acceptable limits for the intended
application, it may not be necessary to dilute or adjust pH of the microgel. If
desired, the aged microgel may be filtered to remove unacceptably large silica
deposits that were dislodged while practicing the invention.
25 -

Polysilicate microgels prepared in accordance with the invention may be
used in conventional applications consuming such microgels, as well as in new
applications rendered practical because t‘he microgels can be reliably produced in
the field. For instance, the microgels may be used as a flocculating agent to

30  remove solids from aqueous suspensions, or as a paper retention aid, frequently in

conjunction with other polymers and/or chemicals used for that purpose.
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20 stored or consuned in its intended use. Alternatively, i1f‘hﬂ$e20r?i4crogel

is consuned imediately, or if further gelation will be w thin acceptable
limts for thgei/ypnded application, it may not be necess%.}zm%&ﬂg;dgute or
adjust pH of the mcrogel. If desired, the aged m crogel nay be TilTtered

to renmove unacceptably large silica deposits that were di sl odged while
practicing the invention. 25 Polysilicate mcrogels prepared in accordance
with the invention nelfahes desaibdd tha inyerive it nonwlll tepisireted, boinst lah&iin ng such
m crogel s, as we # (n-hew |l ications rendered practical because the
m crogel s can belb }ahl%isf%lﬁ&?/n erxglaﬁl(e:%d in the field. For instance, the

m crogel s may be used as a flocculating agent to 30 renpove solids from

aqueous suspensions, or as a paper re i §‘i d, frequently in
conjunction with other polyners and/o | s used for that purpose. II
1 June 2004 WO OEx#@pled PCT/ USO0/ 32999 Having described the invention, it

now wi Il be ilLlustrated, but.not limted, hy the follow ng exanples.
EXAVPLES Exanple 1 5 1 ?‘%’%'ﬁﬁﬁ?&’“i@?ﬁ&ﬁé‘i‘?‘%ﬁlﬁ? SHEAT LR PR @ fbanm 11 ow
rate may be vari egultii@nubing ffhet RatdgiyaittoitBabstdnfialy Affbihg\Whd hekdkel size
substantial ly affscti Pr%(%?he m cr.ogel size when usi n% 50_2 as a gel
initiator at a pra¥stH 2 a5 p@ehdpliatoral a presyye of 16 kPa i3 psigk Thissgample also
denonstrat es how i g i : si-lica rati v be significantly
changed wi t hout gu stgaﬁésiﬂgﬂtgl/é%ﬁ&encaio?ﬁgslﬂt g&r?i c&gggﬁ)ﬁfﬂzj@y\?\%ﬁgﬁe%si ng C02 as
a gel initiator witipuasubstaptially sffecéinphe middgs] «Rawler hsipgs CO) as Aegd dlinysor] | cat e

m crogel was_prepared by mxing a solution of sodium silicate with carbon
di oxi de. Thel od?t&rﬁr"équ?e%tsé6@%(a§?%@- had a 3.22 ratio of

Na[err]O Siderr] and contained 28.5 wt % SidJerr]. The silicate solution
was diluted in 15 line with a sufficient amount of water to |l ower the Si Q2
concentration to 2.4 4wpolysilicgiefierpgd waswreraredbasnixing a sflutipnodsndivmiousl y into
91.4 m (300 feetd; i I r ! FNg an

i nternal dianet e%ih%]{e ‘%&B%bﬁ%ifﬁfgkl '%‘hceﬁg@{@ Slpﬁge{k g?i?{%&\%v)ﬁ%%?gﬁgﬁg? #é dilute
silicate sol uti oNa8iOzand eantaingd 38.Aivet VeSiOpf The slidaterselation was diluted in-

15 line with a sufficient amount of water to lower the SiO7 concentration to 2.4 wt %

8i0, which was then fed continuously into 91.4 m (300 feet) of an elastically

deformable vinyl hose having an internal diameter of 3.8 em (1.5 inches). The

flow rate of the dilute silicate so_lution was varied to achieve different reaction

times. As used herein, “reaction time” means the theoretical aging time, or “aging
20  time” based on the flow rate of the dilute silicate sohution. Carbon dioxide (CO7)

was fed to the hose at a flow rate of 340 slpmn. The amount of CO5 added ranged

from slightly less than stoichiomettic to an excess, based on the amount needed to
completely neutralize the silicate alkalinity, depending on the flow rate of the
silicate solution. Pressure within the hose was maintained at 516 kPa (75 psig) by
25 acontrol valve located at the discharge end of the hose. The pH and the time for
the inception of visible gelation, that is, “gel time” of the 2.4 wt % silica microgel

product were measured at the discharge end of the hose.

Samples of the silica microgel product were prepared for viscosity

30  measurements by immediately diluting the 2.4 wt% microgel product to 1 wt%

12



times. As used herein, "reaction tinme" neans the theoreti ca1 JLé{bel%P84ti me, or
"aging 20 tine" based on the flowrate of the dilute silicate solution.

Car bon di oxi was fed to the hose at a flow rate of The
anount of CO a?éi}é% 9ranged fromslightly | ess than stoi chi%rre@ﬁ%zg{go an
excess, based on the anmount needed to conpletely neutralize the silicate
al kalinity, depending on the flowrate of the silicate solution. Pressure
within the hose wai©,mad hinetineitle pl tGA6Vikdaity Wi qresbgdd Using 2 aanerofdnglel val ve
| ocated at the discharge end of the hose. The pH and the tine for the

i nception of visi #reSlgdicameteriube; Augragegnicrogel size &Wﬁteéfﬂ Rupevas egfimgtedlysi | i ca
m crogel product e G 08 a 08k t Sanpl es
of the silica m c?a(;ﬁg{e m%‘?%g%}@?ge viag&rr eerh%?se‘glgf‘g%%lgﬁn Vi sc?géélfst@gg%%nggsur enent s
by i nmmedi at el y di $ilitai migrogdiefop wHichnpargicl siresgere meagdedcusingalyfamic Yight2 1 June
2004 WO 01/42137 PCT/US004 329 i.02 d ' t Vi scosity
was mneasured ufgi nsg’gc%é ﬁ?\agﬁl%F?ﬁsscgség%l z%e'%g%?ghggeéépgﬁaﬁ%gl? %{&{/eerage

m crogel size (di enmeiaed with pertinle sizemeassted neibgetie hght scuteqhgranalgsisii scosi ty
measurenents with viscosity neasurenents of a series of silica mcrogels
for which particle sizes were neasured using dynamc light 5 scattering

anal ysis. Viscosity nEnsuhieightissatefing Aalysie aSgerfofmadiucing g Brsokhoies

correlated with parti cl e_%i ze neasur.ed usi ngqlrégg I ml}t}l scatteri anal ysi s.
Dynani c |ight scallfEreyieshiryLing sopiemper g WS SASHEPSKR AVER
Instrunment |ight SeAighSWeRGoRB®BRbLER tenifRRfKe Blng 40 rabh-idvBasHwRRNENt s of the
10 m crogel s were conducted at roomterEBerature usi ng an argon-jion | aser

with a wavel engtYevglengbef {ihnairpemtingef 290 m¥Opowpy helerateripgiftensi®at t eri ng
intensity neasurguRRtSenek&e FR arAlretint 4218 Bld BOGhLRerd RthJEudP £ Were
analyzed using a _Zimmplot. 15 Results are provided in Table 1.” Table |
Dilute silicateAgfingpbPigkel Vi scosity, Est. Avg. solution,tinme, tinme, % Dl
H2OM crogel I/m (gpm*mn.mn. D aneter, nm46.9 (12.4)2.27.11.5

2]

15 Results are provided in Table 1.
Tablel
Dilute silicate Aging pH Gel Viscosity, Est. Avg,
solution, time, time, % DI H,0 Microgel
Vm {(gpm)* min. min, Diameter, nm
46.9 (12.4) 2.2 7.1 1.5
39.0 (10.3) 2.7 6.2 1.7 124 65
31 (8.2) 34 6.7 1.5
23 (6.2) 4.4 6.8 2.0 122 60
16 (4.1 6.7 6.8 1.7

*1/m = liters per minute; gpm = gallons per minute
20

As can be seen in Table 1, gel times and pH of the microgel were very

consistent indicating consistent microgel size.

~ Comparative Exampie
25 This example demonstrates how varying the aging time when using

sulfiric acid as a gel initiator results in significant changes in the microgel size

and hence its properties. This example also demonstrates how small changes in
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39.0 (10.3)2.76.81. 712465 31 (8.2)3.46.71.9 23 (6.2) 4. 46. 82' 1AW 16
(4.1)6.76.81.7 *I/m=liters per mnute; gpm= gallons per mnute 20 As can
be seen in T gel times and pH of the mcrogel were v | st ent
i ndi cating cg%s‘ﬁg%lesgt m crogel size. Conparative Exanple 25F @%ﬂﬁ}g%gﬁrrpl e
denonstrates how varying the aging tinme when using sulfuric acid as a gel
initiator results in significant changes in the mcrogel size and hence
its properties. Tk gelexiiatpd te siitamtidehansing atlésiclhod el ih legrahgegss inn 13 1
June 2004 WO 01/4%137 PCT1.US00132999 the gel initiator to silica ratio when
usi ng sul furic ach8"Pe & FRPI°3FYE changes in the nicrogel size and
properties. For conparison, a polysilicate m crogel was prepared by m xing
5N 5 Herr]SOerr] vviPIh 983 grams of dilute sodiumsilicate to provide a
m crogel sol ution cont™8F FPREHY {Polysilgats, micrggs! e dreprrsd v aixipg SN
performed, at s1. &), RE 98% drafhs BF didS6Hiunt SHRRE t MBlile a TG ogHl Xk Was
allowed to age to provide simlar reaction tines as in Exanple 1. The pH
was neasur ed aft eonthinmgni¢ evt§6 Sedp. nGwo sParms mss wenegerforiredr a . 5fmoandt he

m xture and diluted to | w % Si 02 and 10 adjusted to pH 2 at the noted
agi ng tines. Visctd]mHabeu sspictingiedTh mrevas dlewed haga pooddminte wer e

determ ned as in .e J i f.or ch run i | so . ovi ded. Tabl e
2 5NpH @el Agi ngVi :s%gpglh{nﬁs,lﬁs? XE\E}BIQHE%&?@W% Iﬁ?ﬁsﬁuﬁ%#‘ﬁrﬁﬂ‘?ﬁ%o\f% crogel
m m n. mn. D anet eSampien victe S8thdrdwn Fdn? H20bKnde 44820ed to | wt % Si09 and

10 adjusted to pH 2 at the noted aging times. Viscosity and estimated diameter for

the aged samples were determined as in Example 1. Gel time for each rum is also

provided.
Table2
5N pH@ Gel Aging Viscosity, Est. Avg.
Ha804, 1 min. tirne, time, % DI HpO Microgel
ml ) min. min. Diameter, nm
41.5 8.77 1.5 22 120 50
34 132 90
6.7 201 >160
41.0 8.89 11.25 2.2 117 40
34 124 65
6.7 152 130

15
As can be seen from Table 2, use of sulfuric acid as the gel initiator to
prepare silica microgels provided microge! products with significantly different
viscosities and particle sizes at different aging times. Also, a small difference in
the amount of sulfuric acid resulted in a large difference in gel time and
20 differences in viscosity and particle size. Comparing with the results in Table 1, it
can be seen that use of carbon dioxide as the gel initiator provided a much more

consistent product.

In Example 1 the amount of initiator (CO2) changes over a three-fold

25  range relative to the silicate and little variation in viscosity and average microgel
diameter was observed. In contrast, in the Comparative Example, the amount of

14



6.7201>160 41.08.8911. 252. 211740 3. 412465 6.7152130 15 As cai52%%en from

Table 2, use of sulfuric acid as the gel initiator to prepare silica

m crogel s proyi i crogel products with significantly di

Vi scosities vg%g%gﬁ cle sizes at different aging tines. AFJI;@?JE@%%I I
difference in the amount of sulfuric acid resulted in a large difference
in gel time and 20 differences in viscosity and particle size. Conparing

wi th the results ihitlatdia@hlfrit aciif charz@dorhebys BEN rélkirte tathe silitatcaiddage di oxi de as
the gel initiator provided a nmuch nore consistent product. In Exanple 1
the amount of i niPFEELP VISeRssY andaypraeramisirgr! dipmeifr &6reo5F9ve85 range rel ati ve
to the silicate and little variation in viscosity and average m crogel

di anet er was observed. In contrast, in the Conparative Exanple, the anpunt
of 14 1 June 200Zxewmble? 12137 PCT/ US00/ 32999 initiator (sulfuric acid)
changes only By 1.2% fglatiye cfeﬁ’lpﬂﬁ%te?hddfﬁ;ﬁﬁ)ﬁc@ﬁ@stér@ﬁﬁ@uctﬁ%p@g&ﬁbgn _
viscosity and average m crogel dianmeter were observed. Exa e 2 Thi s
exanpl e denonst r gewictnetheconigringaphagding weps apnrerdwyes ereater rapdde ks (by
conducting the cagéag)ti ng and agi ng steps at pressures greater than 172 kPa
25 psig). The processS of Exanple 1 was repeated at varying pressures. A
sodium 10 silicate solution having a 3.22 ratio of NaJerr]O Si(err]
containing 28.5 w %S derr s diluted in-line with a sufficient anount
of water Lo tover t et Tsseis MRRmE) Pl s pd b M ol 1T e
added at a rdve eilica2d fblwlopbravidgre3.2d milo 62102 0c8i0d cbntdising 8. DRt WellOZ28at i ters
per mnute (7.5 gpm. The CO2 and silicate solution were continuously fed
into 91.4 in (30&lmt%m)lmwﬂbiaﬁyﬂﬁmnw@onwmgteaﬁq lovrr derpa02 eringgpiratian 15 of 3.8

Val ve Tocated At SUheoBILIRA QI Bt X AEeined) St TR ReigEl Ui e o
the 2.1 SiO7 was 28 liters per minute (7.5 gpm). The CO2 and silicate solution were
continuously fed into 91.4 m (300 feet) of vinyl hose having an internal diameter
15 of 3.8 cm (1.5 inches). Pressure within the hose was maintained by a conirol
valve located at the discharge end of the hose. The pH and the gel time of the 2.1
wt % sol were measured at the discharge end of the hose.

Table 3
Pressure, pH Gel time,
kPa (psig) min.
619 {90) 6.9 12
516 (75) 6.9 1.3
344 (50} 6.9 1.3
172 (25) 72 22
103 (15) 7.8 2.8

20
As can be seen from Table 3 gel times and pH were most consistent at
pressures of 172 kPA (25 psig) and above. Consistent gel times and

pH indicate consistent microgél size.

15



wt % sol were neasured at the discharge end of the hose. Ta1)]hg'932004
Pressure, pHGel tinme, kPa (psig)mn. . 619 (90)6.91.2 516(75)6.91.3 344
(50)6.91.3 172 (25)7.22.2 103 (15)7.82.8 20 As can be seen from Table 3 gel
times and pH were nost consistent at pressures of 172 kPA ('25 psig) and
above. Consistent gel times and pH indicate consistent mcrogel size. 151
June 2004 A continuous' process for preparing polysilicate m crogels
conpri si nﬁ%scont acting a feed streamconprising a silica source,

wherein the sil source is _selected fromthe group consisting of an
agueous sof uti &1"95\““'6\0”3\/%?%953§‘UIR’J’%‘Paé'"glplolyé%{ﬁie&H@roaelét?rpﬂn@ﬂ%j@g silica sol,

with a feed strgam c@ﬁﬁmngsa ﬁgd%&ém%oﬂipﬂéahe% éni&a%oﬁfaet@ﬁ?érbiﬂqhélﬁﬁéae' to
produceamxture and % the m xture in an agi ng vesse

partially gel the nisRY&P %éhe @iouB Gedsishingtal g @aquﬁéﬁeﬁfiwtlt)ﬂ@fa

contacting step, th@va@éﬂs@ﬂxb%@l&at@énd@&&lbldﬁsnwédﬂm%d%tr@érﬁssure of at
| east 172kPa. 2. The ﬁ]rocess of claim| wherein the silica source is an

aqueous sol ution of S§MP{EIPGFarben disKidedn aicentealing vesselite REdued APIXtYshg
diluting the aged miagtiure to a silica concentration of |ess than 10% by
wei ght, to produce a dil uted m xture (only necessary for silicate). 3. The

process of clail?h 1 &8N the,ppgiae "?:%’Prﬁ@'ﬂgl"ﬁﬁeéﬂi Restialiy get the npixuess totoreduge| ut ed
mxt ure to_ a pH of laasged hAud, or greater than 9.

wherein the contacting step, the aging step, or both, is performed at a pressure
of at least 172kPa.

2. The process of claim 1 wherein the silica source is an aqueous solution of a
water soluble silicate and further comprising diluting the aged mixture to a silica
concentration of less than 10%, by weight, fo produce a diluted mixture (only
necessary for silicate). |

3. The process of claim 1 or 2 further comprising adjusting the pH of the diluted
mixture to a pH of less than 3 or greater than 9.

4. The process of claim 1 wherein the silica source is an a'queou's solution of a
water soluble silicate and the concentration of silica in the feed stream

comprising a silica source is in the range of 0.5 to 15%, be weight.

5. The process of claim 4 wherein the concentration of silica in the feed stream
comprising a silica source is in the range of 1 to 10%, by weight.

6. The process of claim 1 wherein carbon dioxide is present in an amount that is at
least 80% of the stoichiometric amount needed to neutralize the silica alkalinity.

7. The process of claim 1 wherein the contacting step, the aging step, or both are
performed at a pressure in the range of 344 kPa to 1380 kPa.

16



1 June 2004
4. The process of claim1l wherein the silica source is an aqu%ous sol ution

of a water soluble silicate and the concentration of silica in the feed
stream conprising a silica source is in the range of 0.5 to 15% be

wei ght. 5. The process of claim4 wherein the concentration of silica in
the feed stream conprising a silica source is in the range of 1 to 10% by
wei ght. 6, The_process of ¢laim1l wherein carbon dioxide is present in an

amount t h8t i s’ & Processe’ dam, lovherais the sprinctinaessel. theraaing vesselieabelb
neutralize theagidladtisald! defbriidblevesdelsThe process of claim 1l wherein the
contacting step, the aging step, or both are perforned at a pressure in
the range of 344 kPa to 1380 kPa. 16 1 June 2004 8. The process of claim!]l

wherei n the comeagrfow@ oresials fufther c%ﬁlﬂf‘iglnﬁ%ﬁﬁrlanQﬁ Q%Eﬁall?ﬁ&om\ﬂﬁ ically
def ormabl e vessels. 9. The process of clarm 8 er conpri sing deformng

the el asti cal |‘gﬁsa%kfmﬁwr%éo-ﬂvx@stgéﬂsiqqgsrﬂeppw tha)feihan the vesesl wwi® deposits

that formon the vessel walls. 10. The process of claim1l further

conpri si ng, di er deposits that formon the walls of the contacting
vessel , t \98 35t clagp Tfykter WH"&'}SDG‘!S}D"@Wr@mﬁiF\?dhattfﬂf@ oh #wsure | n
the vessel fromall ditiesesiactiah v@é@ttﬁé adi H?UerE? 6PBohOL PR ure.

A conti nuous p ocess according to claim reparin I C

m crogel s FiPEFSTYFe ’Fé © YREHET AgressHesef %@&t@dhﬁ@é%%ﬁaépﬁ@b@rﬁl lica

sour ce, \I\hEI‘EI[ﬁ]’eéélﬁeSI lica source is an aqueous solution of a water
soluble silicate, with a feed stream conprising carbon dioxide in a
contacting vessel to produce a mxture; and (b) aging the mxture in an

agi ng vesskl tAcHRiiuoas pibcesd addariing MldEiR 1 @r BrepditFpoliiicalaticd rglféfsur €

wherein the concentratlon of silica in the feed stream conpri si
silica source “PR% he range of 0.5 to 15% by weight; carbon d| oxide is

present in an (@youndontdding aifSePétrdafRedmMBIIRPCS silidisoth@d, WRALRIPEIsEicamount

needed to neutralize the silica alkallnlty and said process is carried
out. at a pressure iTPYFRIS PRFGHERHS spiliopLf @ yatersghiassilicate, with a feed

stream comprising carbon dioxide in a contacting vessel to produce a
mixture; and
(b) aging the mixture in an aging vessel to partially gel the mixture to produce
an aged mixture,
wherein the concentration of silica in the feed stream comprising the silica source
is in the range of 0.5 to 15%, by weight; carbon dioxide is present in an amount
that is at least 80% of the stoichiometric amount needed to neutralize the silica

alka!lnlty and said process is carried out at a pressure in the range of 344kPa to
1380kPa.

12. _The process of claim 11 further comprising diluting the aged mixture to a silica
concentration of less than 5.0%, by weight, to produce a diluted mixture.

13.  The process of claim 11 or 12 further comprising adjusting the pH of the diluted
mixture to a pH of less than 3 or greater than 9.

14.  The process of claim 1 or 11 wherein carbon dioxide is present in at least a
stoichiometric amount needed to neutralize the silica alkalinity.
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12. The process of claim 11l further conprising diluting the1éjbjg%|2cr]r(134xture to

a silica concentration of less than 5.0% by weight, to produce a diluted
m xture. 13. The process of claim 1l or 12 further conprising adjusting the
pH of the diluted mxture to a pH of |less than 3 or greater than 9. 14.
The process of claim1 or 11 wherein carbon dioxide is present in at |east

a stoichi t_rﬂic anmount n’e,edfifi to neutralize the silica alkalinity. 17 1
June 2004 'P5. THE RIPGESseECiaim Lf whatein thgifesdsstrpanheormiiisingsa silieasasemandsi ng a

silica source ahelfestiBfrehme@nipricing Bhd&RARfid Rl Me SHNBRSIRihHSIRES into a
si mul t aneously i.ntroduce zone where the Teed streans

into.,a  mxing
converge at an @H’Bgéoﬂ%wﬂ?@géefQ?QﬁtFQGWSPGPV%%ab@'b%@%"@ﬂe%ﬁ tam38% wher ei n
the contacting vessel, the aging vessel, or both are elastically
def or nabl q6ves§§:es and ftxrt,her conprising deformng the elastically
def or mabl € °vesdOFPTITEEHOt PRI { Hwheigin e caplertsyesaelptheiagingtveaself arhetion  t he

vessel wal-ls, aneelslicilygefolifanle PesselsSarid fOAMdBmPASHE deformihg e CONt i nuous
r preparing polysilicate m C|g_o els

process accor di pag 1 Q) ?F?I m é fo | ) |

conprising: (afCHRYde[yableveatrisirorimcionine & digodoesdanosits Bations on
wherein the si lfievssslomlicandp@fing WL@SoskOfrbithd védseR, Wat er sol ubl e
~silicate, with a feed stream conprising carbon dioxide in a contacting

vessel to :produce a mnmixture having a pHin the range of 6.5 to 7.5; (b)

agi ng t he 1 xt W entifudUs pRataE avesaml té BlaPh Fordrbyariglpo yﬁfﬁcmemi%gelko
produce an aged m.xture; (c) diluting the aged m xture to a sillca
concentration GPTPE¥RIt han 5% wherein carbon dioxide is present in an

amount that is(@t | eastacinye feiseBaRBBEpiSing AHIA o8 AFSLER theiical | ze the
silica alkalinity, and said grocess is carrred out at a pressure in the

range of 344kPa to $94ER 158N qqiieous solution of a water soluble silicate, with a feed
stream comprising carbon dioxide in a contacting vessel to produce a

mixture having a pH in the range of 6.5 to 7.5;
(b)  -aging the mixture in an aging vessel to partially gel the mixture to produce
an aged mixture; ~
(c) diluting the aged mixture to a silica concentration of less than 5%,
wherein carbon dioxide is present in an amount that is at least the stoichiometric
amount needed fo neutralize the silica alkalinity, and said process is carried out
at a pressure in the range of 344kPa to 1380kPa.
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