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DESCRIPTION OF THE RELATED ART

10 Polysilicate microgels (i.e., aqueous solutions formed by the partial
gelation of a soluble silica) are well known in the art. These microgels can be
prepared by partial gelation of an alkali metal silicate by mixing the silicate witha
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
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15 pH, which in turn result in 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.
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i mproved E:ontli’inup:’nlgsilimam:’ais@gidséo&rmripi}xgpa}i ng pol ysi | | cai e mcrogels wherein

silica depositiop,is greatly . reduced by .mi xing a soluhle.sili.cate solution
(1 BEFhng 5 e I s o ot whertin'the i

and a gel initia

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
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dioxide in a contohasiliprpoyess.del exampleyasuries solublg silicats acolfidal siliet sohpr agi ng t he
m xture in angagipggr¥esscinetgr partially gel the mxture to produce an aged
m xture, wherein the contacting step, the aging step, or both, are
performed at a pressure of at least 172 kPA (25 psig). 25 The stream
conprising carbon dio f ically in
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di oxide with other conponents are also contenplated. 30
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-
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m crogel s sorl?ti g&s are referred to as 30 polysilicic acid mcrogels. As
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“silica feed stream”, is contacted with a feed stream comprising carbon dioxide.
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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.
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Contacting In the present invention, a feed stream conprising a silica

source, the "silvsedh i egbsspeeofamater olvbianiliteteed with a feed stream
conprising carbon dioxide. The silica source is selected fromthe group
consi sting of an aqueous solution of a water soluble silicate, a coll oi dal
silica sol, and conbi rﬁ%omagthmthm\%@@mamgmb@emﬁtrmtih@amléf@blbnql‘tacrcieg ers to

conbi ni ng the two fﬁ% H&@gg&g&ﬁ CFﬁbE rﬁg% Eof?ﬁ tang,%? ownileac‘?c()jr M xi ng

is typically accorrp F ow o reans. The
silica feed st@ eambmg,mrcmntpnatmns taergofc Thyent i‘ml” dmcttﬁra hobbw bltgect sdelli cat e
sol uti on and/ or f) bm dal 841 ca 25 When the silica feed stream conpri ses
a water soluble sif 'élg’teépes? 1 11%‘?1 the silica stream should have a silica
concentration in the range of 0.5 to 15% preferably 1%to 10% and nost

proferably 1 1o 5% bpeia e noronel cosenerally lLbe Lored toc
the rate of gel atdigxidd £ atgednitiant mta(hoﬁtizﬁxeﬁktﬁmb‘aisywmsminﬁﬁies E0mudevfgel Ng a
vater SOl bl o511 CoL, SRITELCLEL SLLSeLE SOt e having Bgher o1l oa
reduce the silicansRREON Rkt Biuid & the BeHEred A M6 &bt SahdiTsoREdhHS00/ 32999

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



When the silica feed stream conprises a colloidal silica sol ‘,]”rier?opﬁe
absence of a water soluble silicate, the silica stream can be used w t hout
dilution. The_ siljica concentration in the feed streamcan _he the sanme as
the silica con8¥fiation in the silica sol, or |ess. Pref é'Fg’B’ﬁ?PBF??g silica
concentration in the silica feed 5 streamis in the range of 15%to 50% by
wei ght, when a colloidal silica sol is wused, in the absence of a water

sol ubl e silicat e.an@(hﬂﬁeﬁ@ﬁbﬂagactdbeuélﬂedocﬁﬁm elafinatand b&tadxacrrgdnﬁﬂ:ompﬁunﬁn any

sui tabl e contactin vessel h as at hose, . conti nuous
stirred tank, pl Lﬁ}jg‘? ?Sd\ﬂﬁaf”tgéﬂ]f‘yélf 351‘6“1{1‘?5'5’1"‘%‘@““% B’ﬁfﬁ)‘ioﬁ’&&e&ﬁéoﬁegﬁ]er eof . The
term"vessel " dengtig®:sds ﬁablﬁéwvnmmnﬁeé Uus dtenf A954f400j d, especial ly Iiquid.
The silica feed streamis contacted with a feed stream conpri sing carbon
dioxide as a gel initiator in a continuous process, which initiates
formation of tshe 15 microgel. Wiile it is preferred to feed carbon dioxide
as free carbon dioxide in the formof a gas or liquid in the feed stream
the feed stream can allbocangngting step. hscaemt dhiinpdaiapeor pathsiees shovlgbof a nateri al
that will rel easqoaarhan: dhaxldeeinder 172080 0opnoadiyhians, for exanpl e,
sodi um bi car bonat’e orrponents |1 quid or ‘gases mmy al so be present
in the carbon di dmdanﬂé,ém IeRar(S4A09 psig), thtwore! bwtsqmse yfpractiealigy | | ca-and
carbon di oxi de fee re I typically
within the pH rangee%) O%l%nﬁmqgglp@gess ?&Qa{n g %&?rgﬁ&%gé‘%%%%f%% resul ting
car bonates. \al umetfomdcampresshremfﬂlerasgddfe ad9éhtpd 380 kRaf(5awaodi ng pH

sensors, which eqguire nt cI n| ration nd 25
repl acenent . Addl%’igﬁ) %rprbsg}gwgﬁaf @ﬁ th%e &ﬂ'&{eegprefssufe bm@ ol e, al uni num
conpounds, espec |padduynomﬁazhm ﬁtnﬁ:rgezm gavﬁngl ayaahgimnn 6i8¢ is iacifidved rewmamg&ymg

solutions, whic o] H, Ot her i ni.tjator al so be fed to
the reactor, eit P"’%tﬁ V#Eﬁxwzeg F“E?Bﬂnﬁ‘feég‘i‘“cfg"?’é‘ V§'E”r£§’ﬁ$1y ©as a

separate stream withe6iehd el LR dither sBXARRL@ralididr GTH fovara®. Or gani ¢ aci ds,
such as sulfuric and acetic acids, acid salts, such as borax, sodium

bi sul fite, an¥oni um sul fate, al kaI| met al salts of 6 1 June 2004 WO

01/ 42137 PCT/ US00/ 329%’? c‘?a% %o?(fd%?eeﬁ?ﬁe% 1§gong§ted§v‘ljtﬁla1§asﬁ 8&?&:% l'um nate
and certain organi c conpounds anic an es, am des and
esters. A nore conghltbitehe anpiintaff cglsin 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



initiators is provided in Rushnere, U, S. Patent 4,954, 220. 1 BUnR D04
contacting step, subsequent aging step or both steps should be perforned
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3-fol d rargygelatin ABeilkaling mading c ?1“{]) fogiexamute, S9die oF BUUPRNAHE r at i on or 002
fl ow rat ephydiaxifile carbon dioxide feed streamis contacted with the silica

f eed stream such that the anpbunt of carbon dioxi de added ranges from
slightly less than stoichionmetric to an excess, based on the anmount needed

to neutralize pﬁ%rabﬁt&%oh@totme%tu ﬁé\%e&in'th%sén@@&f&ﬂef?éinﬂttta%ﬂsght|y I ess than
stoichionetric wll pically 20 nean at |east 80% of the stoichionetric

anount , aﬁ@ﬂ@ﬁéffeérﬁm &@Pnﬂ@&éft wilggip excesieof heseiilyohearbane anpunt needed to
tral | t d dded
o'l oas R i5biate R o bk and REncRERAS ARLmp LRRBRIELA O8, 2 0OE Do

Iometri m)unt need to neutralize the
silica al Iﬁdhblhtytcyf cwhmﬁlwadmcreumxmﬁecm;@rﬁu%mﬂﬁ raryéngreut ¢ithet on with ot her
gel initi af QL 1cal m{h?bar%fe ﬁgd east a stoichionetric anount added
for 25 more'c 't con re preferably CJerr] is added in an

anount correspondl ng to 100 to 500% of the stoichionetric anount needed to

neutralize Ikallnl kalinit can be the
al kalinity of §H lﬁ)ﬁ’%’fﬁ‘ﬁf ka&/%tm% %blfc?ﬂvémg?"fl cate, e. g., of
a sol uti oaddefi aﬂﬁ]s&ﬂhﬂiﬁédmﬁﬂiﬁén&intﬁddllida&tsel,uttﬁn,lﬁhmﬂgsbesaﬁdem silicate. These

solutions are_basic i tors ar.e ically acidic. Water soluble
si | i cat es SHPEH §T’PFFQ‘E?§‘%§H blj'v:/]“:‘f1 f?°1¥"’é‘t"inﬂosbl¥" EMICTREPIS 8GN a1 | - wherein the
7 1 June 2@ H/&eh imdicsradd intiteadpe bt s00NB 0:28/ e babls 111250 @al | y Na, K, or
NH err]. Alternatively, silica alkalinity can mean the alkalinity of a
col | oi dal 10! iGerergdhyl up td B5% ofiutfreailzoh ¢antbheeplased hycduminumi cl es are di spersed
in an al kal i ne medi um which stabilizes the particles to gelation. The
al kal i ne medi um can contain, for exanple, sodiumor amoni um

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.



hydroxi de. Preferably carbon dioxide will be used in the abs(%\Ilrllre:eezg)mr4 ot her

gel initiators and the feed rate of carbon dioxide will be in excess of

t he sol ubi | i twp o@fs218ar bon dioxide in water at the given pr%ﬁjﬁ"&g%
tenperature. As tenperature increases, solubility of carbon di0X
decreases. The tenperature for carrying out either step is typically in
the range of fromOC to 50C. Optionally, an alum numsalt or an al kali
metal alunminate, is conveniently added as a sol uble conponent in the
silicate sol utionA_giﬁé may be added as a separate streamto the m xture.
Excel | ent pol yal umnosilicate mcrogels contain an Al[err]Jerr]/Siderr]
mol e ratio in the randéewixture 15@6d inan bgidd vespal &fr @ tiaslsyffitiedi25 AeHicve the: 50.
Generally up to 2 f aeS|I|co n be re ced by alum num While
any conditions ma%s/ eglee‘r%p({ff@aglal gelpugy g}“? cqufglyttﬁﬁgﬁtﬁ??étﬂpi ndsfnd cont acti ng
the feed streais, getmalm:loemotmkamhngemm larnﬁnmésemlélegélauswﬁﬂadﬁcé% ag&? f eed
streans are contact | east 1,000, an

d
preferably greatert%tr 5 ICE]W@ggrﬁgaé?%u&b leeP%@4‘§8€Pr§%qﬂé&hﬁlwﬁth| ng a

silica source anduifite afeeeﬁica iR 6N thSdrNd poRiReR: rﬁ‘fcR)?ElgeTﬁg m
si mul t aneously introduc fed intg a mxing zone where St r'eas

coverage at an arifPés peten PP‘éF%‘?eflﬁ*eﬁfr@@megﬁﬁtéfrﬂl‘!ﬂhénd@)m@éﬁl@)g st ep,. when
the silica feed sptsfrg)aamwﬁnﬂe%@ﬁm@w\@do%a (SRb Hﬁé)ePl%eréb%g&g }QL%HJ on, the

m xture should have a silica concentration of ref erably 1
to 10 wt% nokh &gfé’f‘”’élaaﬁﬁs;‘t“elmtt@f@&ﬁ@@@“\ﬁhéﬁﬁ&%@(@itbﬂ@(bpmg‘)eed stream
conprises a colloidal silica sol in the absence of a water soluble
silicate, the m xture can have a higher silica concentration, i. e., a
silica concentrati onTsfytent Qféleilfi?épstilhhggbtlmnmmmfaﬂw satecied utgmilmsl i ca sol
or less, prefera 0 5% to 50% by
wei ght. The pH sﬁgﬁ?ga@%ﬂﬁ)ﬁ%&g&%&n S%Etg to% A’t 2%8%’ me thaf, 7. 5,
when carbon di oxiPrPéwescwﬂﬂegda&meThW&enﬁmoﬁnmdhjyﬂet&mﬁe@ehmbr&h&iI ators. 8
1 June 2004 0 SO0/, 3299 e is aged in an
agi ng vessel %él ti rrégmgi%:T O P aghé%‘% S'fe Qma {aP‘é‘H | evel of parti al
gel ati on, whi ch usgtaﬁvylyxJakgamﬁ/orlmmeraﬂmswssemﬁap&awaﬁ@hw does not °
t ake | onger thannales iy nbute t| al gﬁl ation 0p %duces an aged

y be op lnuze orap ar application. Temperature during aging

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

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 ;



m xture, which is an aggregate of three-dinensional networ KslW§%%ai ns of
high surface area silica particles known in the art as polysilicate

m crogel s. i ng step is preferably perfornmed at a pressure greater
than : 172 k%&l{’yg@fny g) psig) and typically less than 13, gtfor R¥S? g?)oo
psig). Preferably the m xture is 10 aged at a pressure in the range of 344
to 1380 kPa (50 to 200 psig). The extent of desired partial gelation varies
with the sel ected ingredieiily 20a]1)@8tﬁ&rﬁ@mldkmbéd)zrnonﬁwouglﬁa&%ﬁﬂ‘ol:y is
achieved within 10%to 90(Vof the ti Iete gel ati on.
Thus, an arti sanp‘i?ﬁfﬁmlgé’ﬁléﬁ" Cte fICRORH g’gerﬁlﬁ%’eﬁlaﬁ‘ﬂ aﬂ&ﬁﬁfgmf’g e¥87E6<F the silica
concentration tod@eﬂiﬁeewbdxﬁ'g&emﬁcﬁ&ily gefoRakitio] tirgeloalrhd® dishNdieadpatiisvel v,

| engt h and/ or dianmeter of the a glaﬁessel tenperature, and flow rates,

may be optini zed hﬁb#omaorp)@?f@éﬂwaﬂs IVESelis WSWQFEH]SE? melgrial havipg Alpnag) ng
typically is §n Elbﬁlcftﬁélgﬁe&ﬁan(}ﬁtBPS]@(QQ&p&QS hid @) ﬁﬁ’ﬂEé &Hﬂb’t@n@:‘&?ﬁﬁﬁs agi ng

occurs as the m xture passes through ag H(}gqvesse which is typically
an el ongat ed vestél defqmathng)fé@gemhvg]lpyermpm sivg forpgsdatwerethaivsssalr e r eaches

the vessel di sehaifife sohi W0 SERe BROR BMIoRU LALE. JaaPE! . Such as

a pipe, tube, hose, ng, or I nat1ons eof .
The agi ng vessel dqutm@éaUqufhaboradlmgdrs&tan’ssuchsaﬁ!ttl@st 172ikPA Zhe 25 di aneter

A uradt b Pe e e abatlnl BREaM it hSAE SIEDARL IR [ o0 e

m xture to "age ired |ca a0i Ng Veseel has a
di aneter in fihe depogis amfpu@e&ﬁomthaye%l b;rme(tnime oftﬂle)sﬂlmheax) andasatboa | engt h

of 60 cmto 150 royi de resi denc |rre of 10
seconds to 15 m élnﬁéle%as h’é‘}oﬁfq' Qd%iges?\ﬁﬁfiuggg@gavﬁfsﬁ é{]s[tg ‘é\ ng a
resi dence tine |mﬁgﬁﬁedtdﬂaﬂcalﬁleﬁhﬂhﬂlﬁﬁdto%@gﬂ_@&ahdli’élﬁﬂlblﬂﬁﬁl fadaﬁiihar agi ng
vessel is preferably an.el asti é def oy.mabl e vessel ‘f}ﬁ Fator i pe or
tube), as descri F Frats g@e "ﬁ?ff ﬁ%;'a%app cagis. wlyantages of pising Usfgpne

01/ 42137 PCT/ USORsseBd98espectalll @fbarkiit WhedQpplikd 98the IR@cHhNarideadiesad bed a
continuous process, for.  preparjng_polysilicate m crogel s wherein the

el astically Hif oRSHR PEthe roesss whete d‘ﬂ‘@%%ﬂ"ﬁ’éﬂ“&‘éﬂb%‘ioﬁegtot%or arily deformed
fromtinme-to-tinme to dislodge deposits that formon the vessel walls. The

vessel is constructed of a material having (i) an 5 elasticity greater than
that of silica deposiWhile thejtge of prysswe irfthepresenipgration vikqopisibatgéh  t hat

deformation of tREMEZSefolthidie AVRT, GABPRHRCSEY & s, 668 AGhyEen the vessel

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



and the deposits, thereby causing the deposits to be disl odééﬁn%%or? t he

vessel is defornmed. Use of carbon dioxide at pressures of at |east 172 kPA

(25 psig) i Swg%Pﬁﬁinal |y beneficial for elimnating silica %@3&%5@9% The

di sl odged 10 deposits are purged fromthe vessel by the m *he
silica stream and carbon dioxide as the m xture continuously passes

t hrough the vessel. As the deposits are conposed of silica, there is no
need to segregat extichenanLyRrgk Relimty dignd the rapidly bugethe xystenD grhidie vessel for

many applications. Advantages of using defornmapl e vessels are especially
appar ent when apﬂ’laﬁ’égla’? a‘? a@Bﬁ‘%@PF’%&g%ﬂ%O%B]FWSSEﬁaﬁ © $ENIASHES BESbf t he
process where degg%;&ea@gg%ﬂ,i cularly prone to form Wile the use of
pressure in the present invention will contribute to deformng a

def ormabl e vessel, when such a vessel is used, other neans of deformng

the contacti ng angi@krisidisad vessel may al so. be used. These include 20
mechani cal means "and vibrational neans. Mechani cal neans include squeezing,

stretching, or bendingy d@ﬂﬁggi&@@%@ﬂ\a@%ﬁd %fgg%f"}eﬁ?ﬁ%?fl@d‘%“%t rool | er,

press or other nechanic evi ce, n pressure on a
vessel by a sur r euinidireg furthéngedfornvition.aWhemiht sifferafinel straah cebgsisesssolfiosoni ¢ or

ul trasoni ¢ sound es. e of . carhon di oxide. als reatly aids in

pur gi ng t he reactoﬁﬁatza%of%@rlﬁ%m\%ﬁi%ﬁ F%@Fﬁ&?‘? ﬁé“’%%%@g{g?f} egi’%"éssel and t he
agi ng vessel, t o refusdsabigeliodeprsittation fohat thnrlovoprefchplyves agh sval 1-s. That is,
purgi ng, or flushing, occur en th ressure s reduced fromthe
reaction prgslguré’ngg°§ﬁ°r€i?%§§¥ﬂi]sf%b(%§l Ef"@mé‘lﬁeé teé‘ﬁ?l.’m‘fi%gr process of
this i nve][ltl ﬁn omlutem?élysﬂid‘amgx}iihegei.cwm{_ mseiﬁcaf:\feé%ﬁaap &lﬂn%rﬁ@a doﬂgiﬂélVe_S )
purgi ng of the copntactin nd/ or _agi ng vessel s by _di sl odgi ng deposits that
formon the vessé‘lh‘”?z\)%ﬂ5 tg%a’s?“&ﬁ%q tﬂéﬁ#‘@ﬁéﬁ‘ﬁﬁ*@ﬁé‘mﬁﬂ“é%éﬂa@als?lb? he

vessels. The redusddi AftcinBtiRiy s teLfmem Wi e 8 pARaGeht b ep WrdRbhbihdtioal car bon
di oxide, 10 1 June 2004 WO 01/42137 PCTIUSOO 32999 whi ch generates | arge

vol unes of gas t REfIytianaed RH slinsteent Hepssyherebingehiiqnds halted oraepidediprar | y

advant ageous 1$hegois b \WpiR 2 ShRETREY, SHVES BRI RE IR LRa B loPgretES Sl
and/ or the aging vessel. 5 I ndustrial USe The aggq m xture of polysilicate

m crogel is genefanPyo mingmize firther sk fommation.oPthente gsknopy it theart ey

formation. Wen ghaisibiieataR0rshdSaR GQPrises a solution of a water
soluble silicate, tfln S treat%gnt may be a sinple dilution step that

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.

11



reduces the silica concentration to |less than 10% prefer ab1 ‘;j/uqeezsosgd't han 5%

- - 10 and nost preferably less than 2% by weight, to produce a diluted
mxture, or w@blhed polysilicate mcrogel. Wen the silicg. {'/%?&63?§J9eam
conprises a colloidal silica sot in the absence of a water

silicate, a dilution step may al so be wused. Alternatively, the treatnent
may be a pH adjustnent step, or a conbination of dilution and pH

adj ust ment steps, wheHeling dpedribed i inventioal it eov will treélatreled bornotBmbet h. I n a
pH adj ust nent st i IIy adj usted to less than 3 or greater -
than 9 to mni m?gthfel%1 oo ééggglflgl?or mati on. O her techniques known in the art
may be selected to arrest gel formation as well. The treated m crogel,
that is, after dilution or pH adjust hen be 20 stored or consuned
inits intended use. Alternatively, {Tw}i:-%rogel i s consuned

i mredi atel y, or Ekahpletther gelation will be vvithin acceptable imts for

t he i ntended appl | C o dilute or ,adjust pH

t b
of the microgdl . Ss?x;mélalte dflﬂé"sgé)}%ﬂm?ﬁ s %‘ISS%%%?}I‘%“’F‘? msheddtiedy 1 enove

unacceptably |ar gseuiﬁng mgmgdﬁaamhtt@ytmglbums@mdw ARG MthicRgBEt | Ci Ng
the invention. 25 Polysil cate m crogel s prepared in accordance with the

i nvention may be VAR gl AEEHEAALA 2 BpETrcedt § 16082 CSmsighi Thip eswenle also
m crogels, as well, Uéb%h%%%o% cf!a%g&’s &E'{@gﬁgﬁr&g’g t?iecause t he

m crogel s can be re I—Grt}‘ nh?’an%’% t he

m crogel s may bewumswstamaﬂv effertihgthe mirregybsite Wien36ing €0puea g nitisorf r om
agueous suspe S|ons as _a paper retention aid, frequently in

conj unction tha@thFéF‘“ o h@a’?@@%@"@r chemical s used for that purpose. 11
1 June 2004 WO 01/ 42137 PCT/ US00/ 32999 Havi ng described the invention, it
now wi Il be illustrated, but not limted, by the follow ng exanples.
EXAMPLES Exanpl e 1 5Amfrﬁsllékwwegqﬂéfﬁ@mgmar@tbésmh@msmtmwﬁmt ream f | ow
rate may be vari ghardviifittafoR Qiokide. e@gdx{zﬂngﬁéﬁg Q&Etlsolﬁ‘l%é' %i Bﬂgrof

substantially affecting the mcrog Sl ze gel
initiator at a W%MMC@!@E%P&SM% $SpgYhe stidags SeIXlB.WpWG d@lmsd)m-

denonstrates, ho nitiator to silica ratio my be signifi cantly
changed wit hb{]twé’i? P’%ﬁﬁﬁf?ﬁ%@ﬁaﬁbt%lﬂﬁerﬂﬁlgéE‘Pn‘:%‘lni‘g‘”\/@ﬁgﬁ‘ﬂs@ ng C02 as

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

_.—"O

deformable vinyl hose having an internal diameter of 3.8 em (1.5 inches). The
flow rate of the dilute silicate solution 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



10 at a pressure of - 516 kPa (75 psig). A polysilicate mc}‘éﬁ]ﬁz%ﬁs
prepared by m xing a solution of sodium silicate with carbon dioxide. The
sodiumsilic tion had a 3.22 ratio of Na[err]O Si

cont ai ned 28%90\}@915/?& Jerr]. The silicate solution was di IP%{Irédcfof}%g%S l'ine
with a sufficient anbunt of water to |lower the SiO2 concentration to 2.4 wt
% SiJerr], which was then fed continuously into 91.4 m (300 feet) of an
el astically def oBifglahélowierind théipl eo haVistrgitpwas idagnailsingiaafaet@r Feagke3. 8 cm
(1.5 inches). The flowrate of the dilute silicate solution was varied to
achi eve di f f er ent sipesdiciscemetentibre 4 verags migiogel figp @ismeter gl wasgstimaied bymeans

the theoretical i Iyl Qr. " agl b B RS Sl t rate of
the dilute sili ca‘t%’e so’itl {Iﬁgsﬁ&n&%ﬂrﬁg%ﬂ&éﬁz‘gﬁ%gﬁ?%m V\n/gésﬂtste?gS%%eg}teﬁe hose at
a flow rate of 34€licmimogeiior whioh particf si@3vesddesredausggdiyndmiohighsl i ght |y | ess
than stoichiongtrjic.to an,exc .based o 0 conpletely
neutralize th2§ si TP EAPE X 3Eia§| ?/?]s??syl} I%gsp“éeﬁ%n %Sgﬂg%%%gs?ﬁg%gglg#gmof t he

si |l i cat e sol uti oncorfelaed stith@anicle kize micivered asieg thalightatatteraigreaalysit. 516 kPa (75
psig) by 25 a control valve |ocated at the discharge end of the hose. The
pH and the time for the inception of visible gelation, that is, "gel tine"

011: tEe ﬁ 4 wts% s: i ca)fyﬁhﬁibﬁgm:spamﬁﬁgiumysm?zwpeMruﬁdgaBrddkﬁaxtéhscparge end
of the hose. anpl es of the sil]Jca mcroge re prepar or
viscosity 30 neastiEimsit iebhspaiieing gpapaster, @Pﬁle{ijéﬁ@%%\gﬁ?as e f@Fﬁetg? ogel
product to 1 ¢ % dhirokeld WoR cefidted\ed fBdits fodb3ratur(ubing'al BYp e i3 daset Hith and

|l owering the pHto 2, Viscosity was neasured using a Cannon Fenske size 50
vi scomet er tube. Yrsleaglb of38nptrperaing ¢ 209 m¥hpqver bightseatieringistedsty nat ed by
conparing Vi scosi {¥asieRsi w4rE Hade Wi réht SRS LidhdBASWES IRN-8d Rfinga SETi es of
silica mcrogels for which particle sizes were neasured using dynam c |ight
5 scattering anal4simsplot/j scosity measurenents of the series of nicrogels
were correlated with particle size nmeasured using the |light scattering
anal ysis. Dynamic |light scattering analysis was perforned using a

Br ookhaven | Hst r uneniResultgire prvisied gy Table lgoni onet er, nodel Bl - 200SM
Measurenments of the 10 m crogels were conducted at roomtenperature using
an argon-ion laser with a wavel ength of 488 nm operating at 200 mW power.
Li ght scattering.intensity neasurenent daplerle made at different angles and

zad ci Ny o L nl ot
the data were anal " Dilutesilicate® | Agmg | "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 6.8 1.7 124 65
31 (8.2) 3.4 6.7 1.9
23 (6.2) 44 6.3 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

13



15 Results are provided in Table 1. Table | Dilute . 1 June 2004
silicat eAgi ngpHCel Vi scosity, Est. Avg. solution,tine,tinme, %D H2OM crogel
[/m (gpm *m ' lL,.aneter, nm46.9 (12.4)2.27.11.5 39.0

(10 3)>. 76, 81" e (8.2)3.46.71.9 23 (6.2)4. 46. 82. 012280V H03299
(4.1)6.76.81.7 *I/m=liters per mnute; gpm= gallons per mnute 20 As can
be seen in Table 1, gel tinmes and pH of the mcrogel were very consistent
i ndi cati ng consi sthegt! imiigpog eillicasiagewhddonipg seifiiri eciExanipl ie 1224 chhigss iaxanpl e
denonstrates how yar i ng, t.he g%l ng‘ﬂ.ti me when using sulfuric acid as a gel
initiator results T c?%hfl%elaél t°P¥HEhges in the nmicrogel size and hence
Its properties. This exanple al so denonstrates how small changes in 13 1
June 2004 WO 01/ 42137 PCTI US00132999 t,ﬁé gel injitiator tqg silica ratio when
using sul furic acid reShIPEPION A FRIYEsfgBUcPEs! YaR PIFRREH oiye Mixipy ENand
properties. Fog CH?;@{ WiRD83 graf@loy Biltd SR%En Bili6HO BLhroVBS 2 RIGP 8fludy M Xi ng
5N 5 Herr]Sgerr] wth 983 grans of dilute sodiumsilicate to provide a
m crogel sol uti oncootinizg it g %2 S0t TH6 Sipd@te Mwowee parfatredy adg.Swealr ad
performed, at 41.5 nml and 41.0 m H2SO4, respectively. The m xture was

al l oned to age td*ftBbHaOsirstpscyely.r Biscrirbie vesblewedtojage paspyifesimilarThe pH

was neasured afte 1.nut e .of i.ng. «Sanpl es were.wit hdra framthe
m xture and dil ut%%f%@@%% I%Eélglglélea‘n h‘fé’ﬂ;ﬁfsﬁf% o \éﬁeﬁﬂi rﬁm\é\{g % R&M8rot ed
aging tines. Vischmipleg wenel withtimawnatfeth dicanixhes ahddilutthe agedussiogl eg wer e

determned as in Exanple 1. Gel tine for each run is also provided. Table
2 5NpH @l Ag](hg\;qdjyé@g itq gHgsag: _the,q\p@gi 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
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H2SO4, 1 mn.tinme,time,% D H2OM crogel m m n. mn. D aneter, 1n‘rjﬁme 2004
41.58.777.52. 212050 3.413290 6.7201>160 41.08.8911. 252. 211740 3. 412465

6. 7152130 1 be seen from Table 2, use of sulfuric e ge
initiator tg“@gV%%Qre silica mcrogels prOV|ded m crogel p?éﬁ@%@@”
significantly different viscosities and particle sizes at different aglng
times. Also, a small difference in the anount of sulfuric acid resulted in
alar ge di f f er endstibror @eifurit ket8) chingge26hl @by f. E%eﬂm té the vilistOdtiygand particle
size. Conparing with the results in Table 1 can_be seen that use of
car bon di oxi de a\g’ﬂﬁ”és BEFSCISHY £ VB%WBWE*@&F”&‘W@WW consi st ent
product. In Exanple 1 the amount of initiator (C02) changes over a
three-fold 25 range relative to the silicate and little variation in

vi scosity and av@%@%@ﬁﬁﬁcrogel di anet er was observed. In contrast, in the
Conpar ative Exanple, T1¢eaAMH HemBhsmits %&Jé’ﬂi@re%g%stéﬁpplg%c%%:b%ucedb .

PCT/ US00/ 32999 initiator (sulfuric aci changes only by 1 2@6re|§t|ve to
the silicate and cpriuging thdrengetingiand ggingseps ayprepiefesgreatadfan ivikladel di anet er
wer e observed. Eﬁgg&% 2 5 This exanpl e denonstrates how a nore consi stent
product is produce 5 conducting the contacting and agi ng steps at
pressures greater than 172 kPa 25 psig). The process of Exanple 1 was
repeated at varying PLe é%%&&ﬁf q i%ﬁ110a§'£ cage %%kuglo ving a 3.22
ratio of Na[err]OS&-erpr SShE BHIeBCaeH abyagy iy BFPITed SO%HR ut ed
in-line withila Suiﬂiﬁates@tﬁtonamﬁ3 MrambEﬁagt)ESIDanamxhgziBs Gn?%csmgea@i ration
to 2.1 w %Si02. err] was added at a rate of 270 slpm The flow rate of
dilute Si02 wasdihged intlise yvith apuifivigaiamopnt ob walship loves ghe eaReEnsatignc at e

sol ution were g{g hwg%&séx é dwallsghgedga% a é"atel 0@'290?’ glgmf ?ﬁé Plo“(r) Iatevc}fq}ihtehose

havi ng an intern
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.
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15 of 3.8 cm (1.5 inches). Pressure within the hose was nai 1nthg?en2€0c94by a
control valve located at the discharge end of the hose. The pH and the gel
time of the 2.1 wt %sol were neasured at the discharge end of the hose.
Tabl e 3 Pressure, pHGel time, 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 ti mes&gﬁ H were nost consistent at pressures of 172 kPA (' 25 psig)
and, above stent gel tines and pH.indicate consistent mcrogel size.
15 1 June 2004 CLALMS A continuous' process for preparing polysilicate

ni crogel s corrprpf riguoysHrocesa i PreRaying polsticale niieiepels ARPESIRG a sil i ca

source, wher ei fa) he cBhiachiiy a @@ursﬁ@am%oﬁ@h%ﬁg %%:!fcé%ﬁhﬁc@%@ér@i‘dﬁh&ﬁﬂéd sting of

an aqueous solution of a,  water soluble silicate and a coll oida lica
sol ., with a feed st S8R iTEHITHPEoN thaglyn canustings! an aguedisisabitiphgf Fessel

to produce a ni Xt ur evat@dlubleilicatd AHH 4 BSloMaX silikaPsdl Wwiftha RBHRGeNRSSel to
partially gel the mxture to Broduce an-aged m xture, wherein the

contacting step, th&OHRIFGI €7 B”dt‘j’?"dﬁé‘?ﬁC°F§°%Y9§Fﬂé@P&dU§99M§QWe of at
| east 172kPa. 2. Thegpgrocess of claiml| wherein the silica source is an
aqueous sol uti @dof a. water soluble silicate and further conprising
diluting the aZ Pgingee padyeds pp aging vasrel in pastiallygebihendixtyre thproduge, by
wei ght, to produce andigedtriddudgi Xt ure (only necessary for silicate). 3. The
process of  clai 2 further conprisi n? adjusting the pH of the diluted
mxture to a p¥ e'" &‘SSCOPW&H”Q%S%R the adipg s qpnghbcgh 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.
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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 alkalinity, and said process is carried

out. at a pressure iJPUFSRSS PR RgEERHS spiuliopof ?é”atelr%b‘??faa‘i'"cﬂe with@ feebcess of

claim1l further cosparttagprididgUiartsh dibedaBarcdhtadiHg ed! & p?bcﬁdc%aa

concentration of Ies.;mtrgar}ldS 0% by weight, to produce a diluted m xture.

(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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13. The process of claim 1l or 12 further conprising adj ustﬂﬁjbm%%%mpH 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
stoi chionetric amobunt needed to neutralize the silica alkalinity. 17 1 June
2004 15. The process of claim 1l wherein the feed streamconprising a
silica soulréce aﬁ_% the feed stream conprising carbon_dioxide are

si mul t aneos| y HORTE CHCIRIR &1 Wherindhg deod sitcanheqraprising 3 ailien snuressang
converge at an taefe streaml@afribngRadRn didkide 418 sPhAGRSS inﬁbéucg}j Imowherein

t he contacting vessel tBe agl ng vessel, or both are elastically

def or mabl e vesdWKEI ZRte VIPEHES fedRiepascgnRIge Ahamadle Bot lessiban 881.| v

def ormabl e vessels fromtinme-to-tine to dislodge deposits that formon the

vessel wal'1l S, a[nd F{rr)urgi nP t he deﬁosi_ts fromthe vessels. 17. A continuous
process acCor di'h§ APk 8 ARl 13 Wharedpiheicaptaptng, wisselc ieagingoreserll e both

conprising: (areoBt@Rlly dgfoRniNe JesselsCH ARG dofrlphising defokhng iU e,
wherein the sil ??CS? Isouiotcée S an aqueous sol ution of a water soluble
silicate, withSasieallydelarmabis vesssls ramdipeciertisomtoigadasdanesis hehiors ohng

vessel to prodifeevesseliallc AR Parging thedéidsitdfrbané aaaglsof 6.5 to 7.5; (b)
~aging the mxture in an aging vessel to partially gel the mxture to

produce an aged mixture; (c) diluting the aged m xture to a silica

concentratlizon @f cdnéiSsoushrocda¥oaccobing @ Blafdh b&rbrgéé?%b%gjg@c&é ‘?rﬁt%%;el@s h an

amount that is at least the stoichiometric anount nee to neutralize the
silica al kal i n®PP"3R¥ said process is carried out at a pressure in the

range of 344kPga)t o t3@Qkiy a fb8d stream comprising a silica source, wherein the silica

source is an aqueous 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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