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continuous process to produce and age the mcrogel is much preferred for
consi stency in product. quality. Unfortuhately, silica depos

tol erated b&@ 81993 pat ch hol di ng tanks than in the pl unbi ngég“ﬁgdhl%

conti nuous process, where the deposits Fﬁ he equi pnent causi ng frequent
shut -down for maintenance. U S. patents , 807; 5,503, 820; and 5, 658, 055
di scl ose i nproved conti nuous processes for reparing polysilicate m crogel S
wherein silica deposition is 184@& ME@E’ f}srﬂmca’@ss he soluble silicate
solution and gel initiators unde@RIREPARINGMICROGEES. Wil e the design
taught in these patents results in much inproved performance, and has found
comercial utility, silica deposits still freuentl occur that clog the

pi pes and instruments of theBAtd&RE WMy DHE, N4 remai ns necessary
to periodically shut down the process and purge the dep03|ts by di ssol vi ng
them wi'th a basField ofthedaveridnum hydroxi de. |t al so remai ns necessary to
have a stand-by generator if continuous production is required.

Accordingly, there i $h@pRe@invektion#£1has fo ddRipPYRARBAI0BS $3Q8 | nuous
process for preparing polysi I icate m ce&%el s. SUMVARY OF THE .| NVENTI ON The
present i nvent i BY¥Panspolesilicate ¥ silica deposifiogderedusedrorpr epar i ng
polysilicate m g g conpri SI ng, in sequence: (a) Mxing a water soluble
silicate aqueous solution and a gel initiator in a mxing vessel to produce
an aqueous m xture having a SI I i ca concentration of about 0.5%to 15% by

wei ght; and (b) padinGche Riiatid! in an el ongated.agi ng vessel to partially
gel the m xture} m xi ng vessel and/or said aging-vessel

are elastically defo e and ar rarll def ormed, duri ng, the process
to di sl odge deposi tsf";1151 W?g?g‘(b%s ¥‘§1°ﬁﬁg"'5‘ﬁ‘ga%aﬁ4@glfiposi ts from
sai d vessel. gelation of an alkali metal silicate) are well known in the art. Partial gelation

typically is achieved by mixing an alkali metal silicate with a gel initiator, aging
the mixture for a short time, and then stopping gelation by diluting the mixture.
Mineral acids and alum are the most mﬁmoﬂy 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.

Several practical factors currently limit commercial use of polysilicate
microgels, although they are excellent flocculents and environmentally benign.
For example, microgel solutions necessarily are dilute, making it impractical to
ship large volumes long distances. Microgels also are prone to gel and to form
silicate deposits in equipment used to prepare the product. These problems can be
overcome by equipment design and trained persannel in a factory environment,
but present greater difficulty in field applications where the equipment should be
relatively easy to operate and maintain.

Batch process for producing microgels age the microgel in large mixing
and holding tanks, which not only are expensive but also introduce the problems
of product nonuniformity and process control inherent in a batch process. A
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In a preferred enbodi ment the step (a) mixing is conducted under t he
conditions taught in U S. Patents 5,279, 807, 5,503, 820, and 59@ ?5 to
- 2- m ni nWQé‘llll??é”fornat i on of silica deposr ts. Al um num¥ dit:\ld

present in step, %gﬂ i cate

m crogel needi ng&?anss agl ng tr e | % &gg [g§ ?gﬂg?%gg&convenient ly
is gn}ol Oée? as pbmmﬂemyngpmfém@dmdﬂﬁormﬂmlﬁgﬂmgd@e&m?ﬁEhﬂe{rﬁﬁ&ﬁ i's
readi |y deforne .incr .ng. or decyeasing, pressure within the hose, or
by. nechani cal ngﬁtﬁ% szé‘“gff"%sa'g ﬂe‘g‘h@gé’iﬁﬁ?’ﬁ‘&ﬂwstﬂﬁ‘é“?ﬁ’ ghere a pair
of rollers that telRyadits plig thed@iipmeni caulfifig nt SHut-ARAPRE M E@%@SC sound

waves nmay be enployed with sem-rigid or polyneric vessel CRI PTI ON
OF THE PREFERRED EMBCDI MENTS Pol gsr licate m crl%gel s are aqueous sol utions
formed by the parti alP-3yBrERts 83798073 A,59p820;iand 6:638,083 dls@@aeémmovad

pol ysilicate, s.rg,ﬁrm ,qng common form
one part NaJerr]Oto 3.3 Sfﬁgggy‘%fﬁdﬁ’f’ﬁ’ﬁmmg gl%'_ e mmcrogels typically
are congosed 011: dmmpnmm?dﬁymmeckbylmnﬂngxhemlnﬁleahbehmidhmmﬁ}igs}eter ?)f L 'élo
5 mmand a surface area,of at T icles are |inke
toget her duri ng PIEPs FIqe hecific ndsm‘ﬁﬂf %{eﬁé?‘]l’?s%“‘ﬂ’&ﬁ‘aﬁ%ﬁﬂ?‘ﬁmhrm
aggr egat es havi fgulistih afich Shpre e M&%&K&ﬁﬁﬁ&%&&ﬂuﬁ?@ gpfagogel

Si

sol uti ons have | ow S-val ues conpared to comercial collolda I ca. The

S-val ue as def i #Pasipptillifeeauently opsr thehclpg the pipes pud ingramentBe(thoBBrogeb.
955-957, is the t I

interpret ed as The éﬂggg‘gﬁeégfr&g%%éggiﬁg%gﬁﬁﬁﬁgﬂ%%? ca par tpg'];f’gsands-val ues
for coll oi dal SPW%&GMIQWOMWMMW Bmhaty@dmmlliy;trokﬁleb& in the
range of 80% t 0,909 h for i ca sol uti.ons typically
are | ess than 5‘8§ réan %?cg era %gvel eStgndltWﬁ 51’6%9 t%gm%f‘ B prafusiion i

pol ysilicate mreguigdl s sonetines are referred to as poI ysilicic acrd
m crogels. As the pH value is raised, these products can contain

Accordingly, there is a need for further improvements to the continuous

process for preparing polysilicate microgels.

SUMMARY OF THE INVENTION

The present invention provides an improved continuous process for
preparing polysilicate microgels comprising, in sequence:
(a) Mixing a water soluble silicate aqueous solution and a gel initiator in
a mixing vessel to produce an aqueous mixture having a silica
concentration of about 0.5% to 15%, by weight; and
(b) aging the mixture in an elongated aging vessel to partially gel the
mixture; and

wherein said mixing vessel and/or said aging vessel are elastically deformable and
are temporarily deformed during the process to dislodge deposits formed on the
vessel walls and purge the deposits from said vessel.

In a preferred embodiment the step (a) mixing is conducted under the
conditions taught in U.S. Patents 5;279,807, 5,503,820, and 5,658,055 to
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m xtures of polysilicic acid and polysilicate nmicrogels, the ratio being
pH dependent. As used herein, the term"polysilicate m crgﬁq@s‘%&]ﬂgﬁl udes
such m xt uves 0197300l ysilicic acid and polysilicate m crod’ . Polysilicate
m crogel s freqmﬁﬁﬁxﬁé;&rfsnﬁmhﬁfﬁﬁcﬁep@ﬁOAmﬁﬁﬁmsﬁiay%e?ﬁk&tgpns Into
their structure. The alum num nmay be’ present throughoUut -3 -

pol ysi |l i cat e asiep (@hmixdng asgvellotel fpropa mofified pelysilicatexmicthgoburdiling less where t he
al um num sourcze.i s.aéj esg to the process. Al um num nmay be added to increase
the rate of m %%T orfrati”on, and thus to decrease the aging tine.

Alum num al so allows the mcrogel to retain its charge at |ow pH

condi tions. As used fiexible hosetchaveniently ispoiployed asthe mixingvesspt htid/onthe udes

pol ysilicate mcrogel ont ai ni ng.. al um nym .which sonetines are referred to,
"n the art as 018 YREh THEQR i nRdiyAetopi bk indasing At SSHaPne BEEFS ol ubl o
silicate sol ytmﬁﬁﬁﬁwségafby@b&bﬁbg!@aﬁ@w@%.ﬁﬁbﬁmmemséﬁdmw xture in
step (a) having a silica concentration in the rangﬁ* of 0.5%to 15%

preferably 1%mtipofimpair efyoligss hatitravelithe lepgth obfbe hopen Hltsspsic af saniqreundyr med t oo

slowy for pr ' GERbE-abiaR Above 15% silica,

the rate of ge atl%hyyiﬁ?%lgyeﬁggt toﬁ'g?ﬁggﬁ?l\?‘gﬂ%%%ﬁéédl. Sui t abl e gel

initiators are well known in the art and include acid exchange resins,

mneral acids, organfygseRiFFIoNOF IR PREFEIGED EMBODIMENTS | Metal salts

of anphoteric netal acras ¢ Soar: 5 OT gani ¢ conpounds
0 triles,  and

] 3 UTT c),
such as certain ang lgl’r..des, . a oSt E! %l'mne }’atﬂ;ﬁmﬁég AWmon gel

D
m des, la
sul fones. M neral My .t?Vf:ﬁ_"‘?ﬁfs@e%‘i‘J‘F‘f‘ﬁrs?slgn%& _
initiators. Theag8kali Mkfal Akdie dFRYpolSilidsE S sadludPeBBikeate HAGRBLK at e, up to
its solubility limt, or as a dilute solution to facilitate m xing. \Wen
the gel initi asaost conynon faep ane past Np,Ortn d3,pa5%,$10, by veisht-uFke migsosslspH in the
range of 2 t 01040t 3Bl afdVherdddiked Hficarabtlcfes hvith h bfafhbeek ¥Pi Cal 1Y 1S
controlled P '
to 5 mm and a surface area of at least SOO _mzl_g'. The particles are linked together
during preparation (i.e., during partial gelation) to form aggregates having three-
dimensional networks and chains. 'The_ mici'ogel solutions have low S-values
compared to commercial colloidal silica. The S-value as defined by Iler and
Dalton in J. Phys. Chem. 60(1956), p. 955-957, is the weight % silica in the
dispersed phase, which is interpreted as the 'de;'gree of aggregation of the silica
particles. S-values for colloidal silica were shown by Her and Dalton typically to
be in the range of 80% to. 90%. The S-values for silica microgel solutions

typically are less than 50%, and preferably less than 40%. -

. At a pH below 5, polysilicate microgels sometimes are referred to as
polysilicic acid microgels. As the pH value is raised, these products can contain
mixtures of polysilicic acid and polysilicate micmgels, the ratio being
pH-dependent. As used herein, the term “polysilicate micmgel” includes such

mixtures of polysilicic acid and polysilicate microgels.

Polysilicate microgels frequently are modified by incorporating aluminate

ions into their structure. The aluminum may be present throughout the
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by a pH control system If an orgar)_'i_:fq amdsuch as carbonic acid or carbon
di oxide, is selected as the gel initiator, flowr rate(s) of _t

initiator anPO1E i cate sol uti on may be controlled vol ungﬁg?llsg?évm(w t hin
the pH range of divkiBickd ﬁéﬁt&%bﬂﬁ&%:ﬁﬁ&hﬁ & 8 : sul ting

car bonat es. Vol grrey%_ri C %gont.rol’ offérs the a van%gaeggﬁ%?ﬁg@gﬁéﬁeﬁg pH sensors,
whi ch may requi punfipum semce is hdded itothe pomkssh Adurionm meaycheradiddto dnmedise - 4-

If the selected,gel. ipitiatoek is.alkalline uch as a:solution of sodium

bi car bonate or g% %%%?511%3 gqné’?u?ri’m?d_stlh_ \}%Fﬁe%’ﬁt?he_ta@rtg&ﬁ“?‘ UERBTR | ow
rate(s) of the gigb allows themidroged b retairSits dhare 6t D% i écRBitens. UNBEdel Galelny
because both streans are al kaline. The resulting m xture has apH in the
range of 7 to 1the torm FRolnliserniemeel” includessolysilicate snieropeleedniaining added as a
sol ubl e conponegtmidint Réhi W TR | | Licate. sal.uti on, or may
be added as a separ até%‘%?aoﬁe@ggt é?{iﬁrﬁe{dﬁéﬁﬂhﬁ%&éﬁ%ﬁ po ‘§’/1 4% nosi | i cat e
m crogel s are pmigegebl by addi ng an aluminumsalt to an acid gel generator
streamin quantities that produce an Al[err]Jerr]/SiJerr] nole ratio in
the range of 1:1,500 to 1:25, preferably 1:1,250 to 1:50. Alternatively,
the polysilicatMixingr ogel can be prepared using a polyalumnosilicate
solution prepared by reacting an alkali netal alumnate directly with the
silicate to forma shddvesicRalitérialBle stheafsbhibay dnl/os 1 m% ratio up
to about 1:1. Wiile any mixing conditions r?ay_.ge en‘&ﬁo’%ﬁfo?gn {éegtici ng the
i nvention, it isslegigdde émﬂérmmme(@duumgta@ﬂ@npb@ynmnmﬂiemgpgeoﬁdi tions
taught in U S A a 658, 055: i ncotpor at ed
her ei n by refer@%?ﬁ%gp%urbg{)leﬁféma%%ﬁég%%%dﬁg?%?%égfége&gfagggnﬁﬁ? rein have
been found to Sogmditoe slowlyfor prictival fiseratredncantratibnstelovafd%s iAtova 158posi t s

during aging of .the.mcrogel.. and are achieved b I ) converging the
silicate sol utiBifa=hg ﬁ%?‘g%ebﬁ“f’?&%? aé'itf’(??ﬁ%“vﬁg"‘&ﬁ“ ngl e not less than 30
degrees, or (ii) enploying an annul ar m xi ng

Suitable gel initiators are well known in the art and include acid exchange

resins, mineral acids, organic acids, acid salts, acidic gases, alkali metal salts of
amphoteric metal acids (such as sodium aluminate), and organic compounds such
as certain anhydrides, amides, esters, lactones, nitriles, and sulfones. Mineral
acids, typically sulfuric acid, and alum are common gel. initiators. The gel |
initiator may be added as an aqueous concentrate, up to its solubility limit, or as a

dilute solution to facilitate mixing.

‘When the gel initiator is a mineral acid, the resulting mixture has a pH in
the range of 2 to 10 and the acid flow rate (or ratio to silica) typically is controlled
by a pH control system. If an organic acid, such as carbonic acid or carbon:
dioxide, is selected as the gel initiator, flow rate(s) of the gel initiator and/or
silicate solution may be controlled volumetrically (within the pH range of 2 to 10)
due to the buffering effect of the resulting carbonates. Volumetric control offers
the advantage of avoiding pH sensors, which may require frequent cleaning,

calibration, and replacement.



devi ce wherein the two streams converge by di schargi ng one stream from an
i nternal pipe into a second stream fl ow ng through an external9 annul ar
pi pe. Wi | eavo arl9T80ent mi xi ng conditi ons are not necessar qu()'fs VA% ur r ent

invention, it is prgterred i ; ‘W@Q Ny . 1 Xi ng zone are
at |east 1,000, préf%?%hfcgedc#er 39)8 . g+’%gcﬁyégt§r8nﬁ1§ lpu(r)iteéaﬁlhu{(éﬂn is aged for a
time suffici erticarsonatelor sodéumh Alemilats, it éxkoheanidnt tof coptolitheaflowy edte(s)i adithe Whi ch
usual |y takes at. |east 10 seconds,. but not, re th 5 mnutes. Parti al

gel ation pr oduebiztiafag a?‘i(?’e’éll F?FB’E’EP%H‘&WQB@@&’&?%’S%& a8 and

chai ns of hi ghpsuhd opR BdulifhgThiktufehal 8 pHiif iR Tadge@en td 3.t he art as
polysilicate mcrogels. The extent of desired partial gelation wll vary
with the selected ingredients and the application, but generally is

achi eved wit hi n 10%pabumipum salt,iffesirgdyis coppep 36??@5@%3% lete gel ation.

Thus, the articsap. Rar gl kifidls! LR sliehe iifoca Biindfiitiod 86, Sl ect ed

aging tinme by varying rates through the agi ng vessel. For i|nstance,

| engt h and/ or separatestesamad thetnsixtugg. rExcelieptpdlyalumintosilicate mpiceogelsee may be
optim zed for a particyl.ar agplicatigon. 1n. | roces agi ng
occurs as the PFﬁPg‘Eeﬂﬁ’ ag‘éﬁ%%%ﬁﬁ'ﬂ”gﬂ‘gsﬁﬂ5%me¥%£§%%m\%g§§%£%ﬁg?®egssent ially
" conpl et ed wheRnd: bR ditednUtISO,/SIOr MOk ritlein wesasde of il Ic500ng £:25, Hiefeablyngat ed
vessel typically has a constant dianeter, (i.e., &@5‘* e), with the dianeter
and | ength beilﬁéﬁé)éPéé@e@t@@aBY%lﬂMﬂ’i’émﬂégﬂ‘éﬂg Y801 t he
mxture to "agei f0id Aficote Shithsh G¥lafRly réctiNPhf AkalPRlbtaNaSSR] Wi || have a
diameter in the'range of 0.5 cmto 25 cm (_ to 10 inches), and a |length of
60 cmto 150 wiré@lytwittobesilieate to, forma pifieats brving andliQusHiOemplerationp to0 seconds
to 15 m nutes. Tqire generally is no advantage to enploying a residence
tinme |onger tAAW{8 i nutes.

=

Whilé any mixing conditions may be employed in practicing the invention,
it is particularly advaﬁtageous to employ the mixing conditions taught in U.S.
Patents 5,279,807, 5,503,820, and 5,658,055; incorporated herein by reference.
The turbulent mixing conciitions described therein have been found to
significantly reduce formation of gel and silica deposits during aging of the
microgel, and are achieved by (i) converging the silicate solution and gel initiator
streams at an angle not less than 30 degrees, or (ii) employing an annular mixing
device wherein the two streams converge by discharging one stream from an
internal pipe into a second stream flowing through an external annular pipe.
While turbulent mixing conditions are.nqt ne_cesséry for the current invention, it is
preferred that the Reyn:olds number ir;.the mixing zone are at least 1,000,
preferably over 6,000.

Aging
The mixture then is aged for a time sufficient to achieve the desired level

of partial gelation, which usually takes at Jeast 10 seconds, but not more than
15 minutes. Partial gelation produces the three-dimensional aggregate networks



I n accordance with the invention, the mxture Is formed and/or aged in an

el astically deformabl e el ongated vessel (e.g., a pipe or t
tenporarily WepHIN¥d fromtine-to-tinme to di sl odge deposi tg’gﬁ#gg%g?m on

t he vessel walls, . Th ' d "m fr el by the
agi ng m xture, %%d%&éggﬁgg%g‘%gg%gééﬁﬂrs oug qﬁteh vagc;ggéf’ﬁ' l\‘f“l‘zfetgdepom ts

are conposed of nfitrbgelt; there is no need to segregate and renove them from
the m xture exiting the vessel for many appl i cations. Advantages of the

i nvention are especi rent t he.,.m and early
agi ng steps where deﬁﬂ%%/xtt??g ‘ees'ﬁ%ﬂ’ltainéaglgglg ‘ﬁ&lo Y”ﬁlhfhﬁ %?'F g‘ite vessel may
house auxi | i ary jfsdidpesrint Wh@ﬁom%vg&mny Ychieval \Withlh 20%38 90% of
instrumentation. The vessel is constructed Wwth a material having (i) an

elasticity greathetimethet profiicessomplete gedatignp dbus, the agtisan ¢qo rpadilydetepmine
characteristics 1>éﬁﬁn2geﬂ] adhesi ve
forces between F gﬂ\}e%lge Jugtgﬂé’ %Bm%tn%l'bgos't eArtéesg%g ug’?ﬁg t he

dep05| ts to be agxngwgddFuhasmuchdemBWOndwnﬁér@fﬂmdglﬂghEsssbmﬂed mat eri al
will vary with the neans seI ecte or ar deform the vessel walls.
The material tyBieeHre PaY;PF PPYRZE g’rgﬁﬁ‘glfnﬁa%atﬁ’l“%%@“‘t 0 aid silica deposit
renmoval . I n one enbodi nent, the vessel walls are tenporarily deforned by

ei t her increasing orIn(t&!bﬁmhﬁtgrobése,agﬁg&ﬁéuﬂﬁiﬁémhmwmﬂgﬁaﬁxpand or
contract the walls. Such pressure r| ation be .achi e y any. met hod
known in the ar?°n%36“t§lh"esas§ fad)1s piseot] YE%‘FW?""S&%?%/ %‘Fg‘Eﬁ'?‘évﬁselt he feed

streams; (ii) Ugik&rgd. fm@etoa \kb@éélf}ﬂmd]lﬁ%%tdoﬁétﬁﬂ&ahﬁ&@ a3 %erlstlcs

such as a pisto Mﬁ? i er|0d| cally varyi utflowre5|s nce by a
programmed cont ﬂ\?dilwef(apdy E@rheWﬁem@'mlRi?Yl pﬁﬂjeérqﬂdqmqjum gas

t hat does not u tec | 9:::9 reof .
Exanpl es of sui @ag{ e §ntgltieg"(r(\)l g%&et g*rgdl\%esse cons%’&ﬁcgf g ?lslyé!%bodl ment ,

i ncl ude pol yner diametat inrthetangesefidd as to/25gmh (V4 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 employmg a residence time longer than

15 minutes.

Ih accordance with the invention, the mixture is formed and/or aged in an
elastically deformable elongated vessel (e.g., a pipe or tube) that is temporarily
deformed from time-to-time to dislodge deposits that form on the vessel walls.
The dislodged deposits are purged from the vessel by the aging mixture, as it
continuously passes through the vessel. The deposits are composed of silica; there
is no need to segregate and remove them from the mixture exiting the vessel for
many applications. Advantages of the invention are especially apparent when
applied to the mixing and early aging steps where deposits are particularly prone

to form.

The vessel may house auxiliary equipment such as valves, mixers, and
process instrumentation. The vessel is constructed with a material having (i) an
elasticity greater than that of silica deposits, and (ii) surface characteristics such

that deformation of the vessel will overcome adhesive forces between the vessel
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plastic, "Viton" co-fluoropolyner, "Teflon" polytetrafluoroethyl ene,
silicone rubber, neoprene rubber and other rubbers or el astoners. that
Wi t hstand peoouw® el astic deformati on without failure of PHERFNE  and

that are cheni cal resistant to .th ing mxture. ]n a second,enbodi nent,
t he vessel ml?@@@?@ﬁp 5 W%%@bQWFﬂ?ﬁ%WHW@Eﬁ%q%I force to
the vessel waldegormERe THESNRRY SitterfaPiilBrabPRitle AidRhd RIcRY tdhpsRARS known in

the art including, but are not limted to, squeezing or bending and

rel easi ng t he deforisthpyessel walls.cFhe material typically will have a smnaeth surfare o ©d,  and
varying the extlgraidg%osﬂr Syje of a surrounding fluid. The mechanical force
can be appli ed cy stretching the vessel lengthwi se to decrease its
dianeter, and then releasing it. Especially preferred is a process wherein .
one or nore pair ofinond ¢éntrosliment,dhevessely wallsard temportatiltyi defdrmad by eittfer a t ubul ar

vessel. Similar materiagls will, be selected for .this enbodi as those
doscribed abovECTEHARAr feseasing tbe vesiLioteral prossits 0 Sxend 87 FORACE o ¢ iy

embodi ment,  t hgaée SaeH pré@ire yarkitions MEPHE hieved iedngmietisbdaoom i e aitj ng f or ce,
such as by vibrations transmitted to the vessel froma suryrounding liquid
havi ng a submetghbes Oinsredieally vagyinadths prgssurs of thefeed streams; (iDyusing 2 fgd | pe

sel ected for t|lﬁ'!n°p SRR chXBleistibd) Sudiia¥ h pistonGRipal ned in the
vessel may -7- )-%'gfne?%rg%q[e and tre}ns%’st fhe vi.brat inons, “causing el astic
def or mat i on of(iit) periadicdly varying outflow resigtante by aprogrammedscogtrok vapiecal |y i s

constructed of VSPE&E‘{E%F‘%@‘H%H&E‘E%E{%%E‘}?%S a%@&éﬁ@%d&?aﬁ%&it@ st eel ,

havi ng greater(1 ah 1 ne’ eposits or-a polynerrc materi al
such as those migess: bb&ehbidatives thérsshBxanplds ofisuitable nysérialscfat eessdl cr ogel s

generally will be treated, to arrest, or, mnimze, fyrther gel formation.
The treat ment CRBSFUEET, odimept; PB’E‘%P@}S‘”W#‘F%%&?@E# ﬁ‘@ylsi lica
concentrati on oyl ¥k @MYyl #TeRbE Ry alubiBsthyleRs Biliodte bY '
rubber, neoprene rubber and other rubbers or elastomers that withstand periodic
elastic deformation without failure of cracking, and that are chemically resistant to

the aging mixture.

In a second embodiment, the vessel walls are temporarily deformed by
applying a mechanical force to the vessel walls. The mé:_:hanical force can be
applied by any means known in the art including, but are not limited to, squeezing
or bending and releasing the walls by a roller, press or other mechanical device,
and varying the exterior pressure of a surfounding fluid. The mechanical force
can be applied by stretchmg the vessel 'lengthwise.to decrease its diameter, and
then releasing it. Especially preferred is a process wherein one or more pair of
rollers move along the longitudinal axis of a tubular vessel. Similar materials will

be selected for this embodiment as those described above wherein internal vessel

pressure is varied.

In a third embodiment, the vessel walls are temporarily deformed by a
vibrating force, such as by vibrations tfansmitted to the vessel from a surrounding
liquid having a submerged vibrator. Typically an ultrasonic vibrator will be
selected for this purpose. Alternatively, the mixture cogtained in the vessel may
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wei ght, or-a pH adj ustnent step, or a.conbination of both dilution and pH
adj ust nent, whereby gelation is halted or retarded or both.
t echni ques krﬂﬂ%"}%’“t he art may be selected to arrest gel f@?ﬁ&{gg‘%’zﬂ"%{’

wel | . The m croggl.; . . dndts .intended use.

Al ternatively, |$A Yxh%&%a@?éar%ﬁn@ﬁn?frﬁ%ggéso(ﬁ%? agﬂ%éﬁmagpﬁ?F%F VP ur t her
gel ation will belnvthiskinboditerythabdsee! kypially isf constiderdiofh easicteiapRtdriant i on, it
will not be necessary to dilute or_ adjust pH of the m crogel. If_desi red,
the aged micr oge?“cﬁﬁ%//s‘?}'i of WF’@FW’@Y‘B&Wét%ﬂ%’G@pMWSF%&P@w pea |

deposits that Wﬁyﬁgﬁﬁgmsmiag%ﬁg&mwd@gowe invention. Polysilicate
e

m crogel s prepar I n accordance wth the invention nay be used in
conventional applications consum ng such mcrogels, as well as in new

appl i cations rer@%ﬂwt i cal because the microgels can be reliably

produced in the I nstance, the mcrogels may be used as a

floccul ating agent t eppve solids froma oUS suspensi ons,  or as a paper
retention aid, f requg:r‘?hsgl% tﬁ“ﬂ'b'ﬂ?‘g%% y\)ﬁﬁe'ﬁf‘ﬁ 10 3FFSh U TRINERES, o

chenical s used ffafthdriyel foRtMHRAS The oMtk nih§ Vel shafle BN W thitQhuckd NOW
will be illustrated, but not Iimted, by the follow ng exanples. -8-

EXAVPLES Exanpl éhiSiWWﬁﬁiﬁDﬁ@é?SFF@QP il @¥eopreferably less then Shsbypr epared by
reacting dilute ﬁé?%*t_blﬁ“asﬂﬁ A@%ﬁeﬁ@%ﬁdrg%ﬁﬁﬁﬁéﬂ ot %Erli'%cfl!glgm nat e

solution in an annul’ar junction m , a sodrumsi te solution
contai ning 2 w .28%uSintejnt wherebp gelatiuh is halted @in retarded arboth. XOther techRuad 1. 9 gpm

(7.2 liter per mnute) via a Swagel o [a[g‘_rgr] inch (1.27 ¢m) tee. The tee was
connected to 1007P¥R %gﬁﬂ?aﬁgféagc)te‘gf’ ?tlgffﬁgﬁ%?? (‘f??’?ﬁtrr) di anet er
reinforced Tygon (Type B44-4K formul ation of vinyl tubing, available from
Nort on Perfornmance PiThsmicsgeCthen maybégored dNesnsdeed &its intbhéed use.

Alternatively, if the microgel will be consumed immediately, or if further gelation

will be within acceptable limits for the intended application, it will 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.

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 the microgels can be reliably produced in
the field. For instance, the microgels may be used as a flocculating agent to
remove solids from aqueous suspensions, or as a paper retention aid, frequently in

conjunction with other polymers and/or chemicals used for that purpose.

Having described the invention, it now will be illustrated, but not limited,

by the following examples.



sodi um al um nate solution containing 2 wt.%Al[err]Jerr] was introduced
into the annular m xing zone via a inch (0.635 cm dianeter stainless

steel tubi WPeHPBAgh the [err] inch tee approximately 8" P(Ci"('}]se?ﬁmﬂbmstream
of the silicate. The al um nate was m}ge m Xi ng zone at such a rate
as to maintain a 1/6 Al[err](err]/ i ght ratio. Mxing of the
silicate and al uninate was acconplished in the Tygon tubing. Silica
deposits insi Mygon tubing were readily apparent after approximtely
one hour of operation. Renoval of the deposits was acconplished by

conpr essi ng t he Tydopelyallmhingsikdateghictogelsplutian siasnprepdred byueaningldiiteeen t wo

pl astic rollers,. The.hos s found to.be free of silicate deposits after
one pass of tﬁgm%sﬁgFf.sglﬂg?erﬁH%&e5%%%%@?1%5%4%}“?(1514 liters),
of pol yal um n@arictibs mixer. Tkt @08 kodi@h silicA8 solafonRbaEMHED WE% RO Wa ppar at us
described. Al silicate deposits were renmoved from the apparatus by

def or i ng t he @3B apyias mirag gonest & gom (7 & diser prraingts) yia) elok| i cat e
sol ution was ﬁ/?ﬂgﬂng{.?l QMEe. gﬁﬁ:‘ieé{k'zi,s ecfid @ldm&r(%% SEONhdon and

o
drai nage aid. Exanple 2 "Thi s exanple denonstrates asonic vibration
can be used t §1.27 e} diametenreihfdreadriiyzop (Type 444K femsdationt of vinybwabinig, f or mat i on

of silica depgsi. e rodyici ng a siljcate mcrogel solution. A dilute

3.2 ratio sodf“ﬁ?#@*%@a%%ﬁﬂ%@ﬂﬁ%??%@ ida%\i’&?% &8‘8%’5@'@1 $ in a

stainl ess st eedditkf @lumlifié soitioficRaintg 26t % ALD, O Gitralused ittloith) Cont ai ni ng

3.2 wt.%Si2 at a pH of 8.7 af ,a-r?,{@v rage. fTowrate -9- .of 13 gpm (49

liter per mn , . cCL WRwWEs ol uti on was
agrayar 8 7ONeN13 3 (1 dng 26m) digwetenatpiesssteel tul

introduced i NfiRoph fhd Bchltee edtdly 809 2 AbwwRiireth 0P silféald. The (0. 95 cm)

reinforced Tygon tubing. The Tygon tubing was then connecte to an 8-inch
(20 cm | ong sluminagrwasfed wta the mixing Bme @y sueh agaiy astoaraintaisa st eel t ubi ng

whi ch s t hef)sGaNgaGHeGhelght b Mikig b ho Sitkarl ARGINEEHLORsOf NeoPr ene-1 i ned

el astoneric
accomplished in the Tygon tubing.

Silica deposits inside the Tygon tubing were readily apparent after
approximately one hour of operatioh. Removal of the deposits was accomplished
by compressing the Tygon tubing slighﬂy by passing the tubing between two
plastic rollers. The hose was found to be free of silicate deposits after one pass of
the rollers. A total of approximately 400 gallons (1514 liters) of
polyaluminosilicate microgel solution was prepared using the apparatus described.
All silicate deposits were removed from the apparatus by deforming the hose with
the plastic rollers. The polyaluminosilicate solution was found to have good
utility as a papermaking retention and drainage aid.

Example 2

This example demonstrates how ultrasonic vibration can be used to
elastically deform a processing vessel to prevent formation of silica deposits when
producing a polysilicate microgel solution. A dilute 3.2 ratio sodium silicate and
sulfuric acid were mixed together in a stainless steel Tee junction mixer so as to

produce a solution containing 3.2 wt.% SiO, at a pH of 8.7 at an average flow rate
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hose. Downstream fromthe Neoprene-lined hose a Lakewood Instrurrents nodel
72 pH el ectrode assenbly was installed in-line to control Fg P ot he
silicate/aciwom/i¥3¥ e. The Neoprene-lined hose, the stainl ess steel tubi

and a portion of ub| rel?tj rans 3200
ultrasonic bath %E?F%ﬁ{%?hgtpeﬁ%‘%e@i W@gﬁ‘%&?@m? %"gl’tbtesgﬁ P silica
deposits coul d b&@siﬁx&ﬂudeﬂmﬂy7d§et(bbrﬂeteb)'la&§eﬁuﬁwﬂmaeﬂm(0931&11)J| trasonic
bat h. An obvi ous coatipng of sil

0Si.ts was observed on the
el ectrode assenfigiorsd dxeqntubing ﬁ%ldxa%e tihing wasHhencogaected tegp ﬂslmh ca
deposits were rﬁ)}'ﬂ;’éﬁ?%ﬁé&%&m'/Pificﬁb@@ﬁ%)%&frﬁé&?k%el% iREich Grak NE

assenbly in war odi um hydr oxi de sol ution. "Anal ysi s of t e sodium
hydr oxi de sol ut thcncmeeﬂedtqmﬁ-n&h'fﬁ gn)dnsg mﬁaﬁlﬁopl]entrkdedﬁmmmom ted on

the pH el ectrod Neopdl I t es. ho

ul trasoni ¢ Vi brﬁ?ﬁeo E%%rg%m ?n%‘gﬁq@ g‘@? 558‘5 ‘W&l vessel
to prevent forwazpmm&owdassammwhsﬁmmmtd@mbnmpnww ng a
polyalumnoschate mcrocel solution. 10Q rﬂ/mﬁ]r; of dilute 3.2 ratio

sodi um si | i cat eSEEHE/aFH Y %e@ta eabinefl hoses the;stambess st eﬁ”‘?@EgP%ﬁﬂ%t i on

m xer with 20 Weleka
A [err]Jerr]. "#é}ﬂib% xed soI ut |‘a% was Bﬁen%g%yﬁdh%gﬂ%%%%g@rﬁ%% I nch CD

(0.635 cn) stai hatbsseraurmsatﬂhlzlzngﬁeiﬁihomgfmmgnnedhcmd@osmu}dhef

Nal gene 180 clear plast i m, um ub n rade 3 ch | D 40 cm).
A portion of th@cﬁg"f ﬁ%ﬁﬁﬂ% m?&ﬁ&r&tgg prye n‘g'bﬂ A oo (:1hn é“fo

ul trasoni c bat hommaefm%séﬂsemon fNelpHDéledtdote %mmb@&ﬁch&b&&iotiﬂtbé ng

except for apprOX| mat e 1inch (2.54 cm at ea s subnerged in the
ul trasoni ¢ bat hWASORA Jﬁ%&’ﬁéd%’ﬁ’é’s?’?@ r%?‘@dg"ﬁﬁ‘a‘géﬁﬁg#ﬁ”t’#e“m Rine

tubing outside gf sdalifng'Weds ﬁn@ﬁh@o&%ﬁiyd?@ﬂe%luﬁ@ﬁ ekﬁal}sﬁ‘

runni ng. The dep05| ts in the | gene tubing outside of - the bat h
were easily rendbun bydrodfesokitiog determined). ﬁ@mi@m@ﬁ;ﬂdb@me@hﬁwgpn
' the pH electrode assembly.
Example 3

This example demonstrates how ultrasonic vibration can be used to
elastically deform a processing vessel to prevent formation of aluminosilicate
deposits when producing a polyaluminosilicate microgel solution. 100 ml/min of
dilute 3.2 ratio sodium silicate containing 2 wt.% SiO, was mixed in a Tee
junction mixer with 20 ml/min of sodium aluminate solution containing 2 wt.%
AlLO,. The mixed solution was pumped through a length of % inch OD
(0.635 cm) stainless steel tubing which was connected to 2 length of Nalgene 180
clear plastic premium tubing, VI grade, 5/32 inch ID (0.40 cm). A portion of the
Nalgene tubing was submerged in a Branson model 3200 ultrasonic bath operating
at 47 kHz. All of the stainless steel tubing except for approximately 1 inch
(2.54 cm) at each end was submerged in the ultrasonic bath. Aluminosilicate
deposits were apparent in the Nalgene tubing outside of the ultrasonic bath after
approximately 1 hour of running. The deposits in the Nalgene tubing outside of
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bendi ng or squeezing. After 4 hours of polyalumnosilicate m crogel -
production, no deposits were found in the Nal gene tubing tﬂﬁ% \é@@ osubmerged
in the ult W&sUAPBObat h. No deposits were found in the st ACAUEPE 0|
tubing, indicating that the ultrasanic bath gaused, el astic_ deformtion of
the stainl ess "% ¥ WEGHRHY © m%&gﬁ%}"?fn? '@ﬂ?ﬁ“ﬁhﬂs%ﬁ“"?&%’di st ance
out si de of theehBhdor e 4 This exanple denonstrates that a gl ass
processi ng vessel Wth low elastic deformation when stressed i s not

satisfactorily elastically deforned sQ,as to create a stress greater than -
the adhesion st r enddftr Hhovryef polyatimineslicate smigrogel prrductions e dep@sifhen pr oduci ng

a_pol yal um nO%};H f&ﬁﬁ@in%&ﬂﬂ?fdeﬂﬁ%fﬁaﬂ’%@uﬁﬁ&@&ﬁﬂ tﬁ&ﬂﬂésb%i@%gt\%it oVl bration.

100 M/ mn of ute 3.2 ratio sodiumsilicate containin % SiJerr]
was mixed in aefosits venedtundnin thexstainless steel Abing, indicating thetdhi¢ wirasonierhathat e '
sol uti on cont ai ni . W 9% A1203 . . The. il X Ut L . t hrough a 6
inch (15 cm |cg%§¥%a%}6\%¢§2&?0 C%q%%;ﬁl%%t%lﬁ@lgé %@@%@gl"%‘%&gﬁfgm mately 3
inches (7.5 CHgrsoinedi3tingd @fisidd eofthdigathias subnerged i.n a Branson nodel 3200
ultrasonic bath operating at 47 kHz. The gl ass tubing was connected to a

| ength of [err] inch ID (0.635 cm clear vinyl tubing, a portion of which
was al so submpkamglei4 the ultrasonic bath. Alum nosilicate deposits were
visual |y apparent after approximately 1 hour of operation in the entire

| ength of gl ass tupy; g’“g“ﬁ’g "d}ﬁ@:ﬁ&tﬂd& gesg%'é(,@g lifh 103 ek @nd t he

portion of the Nal%%%e t %(}'ri\%ﬁt at was 5&%%%5‘3@ of "t he tﬁhtraso%}% bat h.

Af ter 4 hour s defbrnmtion sthen stressed ignatisatisfactonitt ¢lasticallyl deformed) b asgo wrgstec oat ed

with alum nosiljcate deposjts.. The | ge t ubij !!Qn%r | n t.he bath was

visual l'y freeaf’mﬁgﬁgtﬁ’b@ﬂ _eadhes{*p‘%ggl #)%B&?gﬁ : pg%%tfll’%hegus process

for prepari ngwledgbitisdidg £idlpalithinosilicate miorogel, svengvheh Bxeel o Rdttisonic
vibration. 100 ml/min of dilute 3.2 ratio sodium silicate containing 2 wt.% SiO,

was mixed in a Tee junction mixer with 20 ml/min of sodium aluminate solution
containing 2 wt.% AL O,. The mixed solution was pumped through a 6 inch

(15 cm) length of 5/32 inch ID (0.40 cm) glass tubing. Approximately 3 inches
(7.5 cm) of the glass tubing was submerged in a Branson model 3200 ultrasonic
bath operating at 47 kHz The glass tubing was connected to a length of % inch
ID (0.635 cm) clear ﬁnyl tubing, a portion of which was aléo submerged in the
ultrasonic bath. Alumiﬁbsilicate deposits were visually apparent after
approximately 1 hour of operation in the entire length of glass tubing (both in and
out of the ultrasonic bath) and the portion of the Nalgene tubing that was outside
of the ultrasonic bath. After 4 hours of operation the entire length of glass tubing
was coated with aluminosilicate deposits. The Nalgen_e tubing submerged i1_1 the
bath was visually free from deposits. -
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(a) mxing a water soluble silicate aqueous solution and a gel initiator in
a m xing vessel to produce an aqueous m xture having a sil IP%%/U%QJ)ﬁﬁ&tratlon
of about 0. 5WOOHINH, by -wei ght; and (b) aging the mxture an el ongat ed
agi ng vessel to_partiall el the mxture; wherein said m xing vessel

and/ or said agi @@m&gﬂ ically deformable and are tenporarily
defornmed during the process to dislodge deposits forned on the vessel walls
and purge the dep05|lsAfcmtmususmmsbebmp@'mgmlspﬂma’@smcm’gel@bmpmmgV\here| n
the el ongated vessel is tenporarily deformed by increasing internal
pressure of sai B VASLEYF. 3. The process of claim1 wherein the vessel is

ﬁmwﬂeiﬂmd rggﬁgfaammb idk ' BESRS S rn?ongfnfﬁ%gia}fﬁﬁﬁﬁla 4. The

process of claim] vesse orari
m ng tWM&deﬁwem@mmmxﬁueﬂﬁvmgmsﬂ@ss of claim1l

* X t f h | f
to sal d vesseg 6. 1I'rs1e 2 ora fagg‘g%r#pag{/\%’g’gp cg(r:n 22: C?orcce)rfg
applied by a roller, c%g% B gl el@ﬂaggﬁﬁ‘égigé%gssgl't%gmaﬂ%@ﬂ% process of

Claim6 wherein the orce | ne~or e pair of
rollers noved al ong themixtmrgi t udi nal axis of said vessel. 8. The process of
Claiml wherein the vessel is tenporarily defornmed by exposure to

vi brations. 9. Wh@ezprsaé@y@nsfve@ﬁlaanmossm@mws@m elasti¢ally idefesmableand
t tted t d
i irator 1o “rREEpHSERRL AR B R BRI e o

vessel transm t&sielharalls drdyturgethe depositscfrone sddvessel 2 -

2. The process of claim 1 wherein the elongated vessel is temporarily

deformed by increasing internal pressure of said vessel.

3. The process of claim 1 wherein the vessel is temporarily deformed by

decreasing internal pressure of said vessel.

4. The process of claim 1 wherein the vessel is temporarily deformed by
periodically varying the outlet flow resistance.

5. The process of claim 1 wherein the vessel is temporarily deformed by
applying a mechanical force to said vessel.

6. The process of Claim 5 wherein the mechanical force is applied by a
roller, press or external pressurized fluid.

7. The process of Claim 6 wherein the mechanical force is applied by one
or more pair of rollers moved along the longitudinal axis of said vessel.

8. The process of Claim 1 wherein the vessel is temporarily deformed by

exposure to vibrations.

9. The process of Claim 8 wherein said vibrations are transmitted to the

vessel from a surrounding liquid having a submerged vibrator.

10. The process of Claim 8 wherein the mixture being aged in said vessel
transmits the vibrations to the vessel.
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