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A composition comp_ri'sing the product precipitated in the admixing of a soluble metal salt and one or more compounds having a
component selected from silicates, phosphates and borates; and a method for controlling drainage and/or retention in the formation of a




as, 1for ex'arrpl e, a wet sheet ‘in the dryer section. However, renoval of
deS| red solids endangers 20 acceptability of the final paper sheet. Al so,

the act of draining water can adversely affect sheet formati on.
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Retention aid systens have been devel oped-td rncrease retention of desired
fibers, fines and solids, to inprove paper sheet formation, and to
drain better the paper matrix in the paper sheet form ng section of

paper machines. Such systens benefit, in part, the papernaker by
all ow ng the paper machine to run nore cleanly while producing a better

sheet at hi gher machjne SM—M systens are

t hose which utilize nat i | )
Certain of these retentiLiicrl"lE'lligﬁl

col | oi dal magnesium silicate# DS - 3 nd organi c

pol ymer based systens. Dependl ng upon cost quality,
customer requirenents and other considerations, the 10 paper maker may
enpl oy a nunber of differing stratedlield ofthe Iwvseiomon ai d use. One typical
strategy is to add an agglonerating agent to a thin stock precursor to the
paper furnish. Such agent acts to agglonerate or flocculate the
fibers, fines and solids. Typical agents are starch and/ or polyrrers.
However, such sysgt.ens often subsequent t he a ner at e terial
to a sh®aring foﬁ'?z f"ﬁ'eg%(f‘"eerﬁﬁged S‘b héﬂ? W%Podmféo "fsers%fﬁg—f r Spctallic
with an intmivieghrddes. Thislipaaton @ddiﬁbﬂlhy delatésato thé priduttivnof such. syAthetxc mineral
retention aid to help reg the fiher,, fin and, ot

solids can B o gaficaletly 49 GupaiBIPR PIOMBSHCH AF SHPh Ticgonaricles Y soiing mote
paper mnachi safts and mgeﬁmm@( Wﬁohﬁspaper matri x formati on on the

paper machine web. This retention aid causes a second aggl oneration
differing fromthe previous aggl oneration.

This invention further relates to the use of both the synthetic mineral microparticles in

10  water treating systems and the method of using such synthetic mineral microparticles in retention
aid systems in paper-making systems.

Background of the Invention

Traditional paper-making systems include the provision of a water-based slurry, termed

a "paper furnish®, containing wood fibers, fines, and other ingredients to a moving web on a

15  paper machine to facilitate the formation of a paper matrix, which is drained, dried and pressed

into a final paper sheet product. A desire in such a process is to drain the excess water in an

efficient manner to form a heterogeneous matrix without also 'unnecessaﬁly removing desired

fibers, fines and other solids. Retained undesired water burdens the downstream processes, such

as , for example, a wet sheet in the dryer section. However, removal of desired solids endangers

20  acceptability of the final paper sheet. Also, the act of draining water can adversely affect sheet
formation.



20 Such ai ds have varying degrees of effectiveness due to the
nunerous variables in the paper - maki ng process. One strategy is to
formulate in a renote production facility various aids havi ng a
variety of relative percentages of the conponents. These differing

per cent ages wamoi/irese retention aid' s conposition are |PCEHHSSATW3 mat ch
the requirenents of the furnish for overall, _ system performance. Such
strategy often makes perfornance a result” ¢ art and happenst ance 25

rat her than of engineered control. Wat are needed are better drainage aids

and retention aids and net hods of using such aids in the
paper - maki ng process - WO 97/ 17289 -
PCT/ US96/ 17907 - 3-

Further, a system of agglonerating particles is sonetinmes useful in the

treatment of WaRgfention aid systerhsHadd BodtdiVelopled 3 Mchéhsé FIBMORCOFMGSd FBPrs, fines
particles and oils or other gl obules fromwater, Whi I e many syst ens

for water ¥desplidsrto imprave papse sheep Sormatign.cand, tardrain bettes thie napsr matrix imthe paper
usef ul  agoinesefcinli téfl papdfoh - Such systems b ' c d+,ﬂg A
i's an object of thtz\g g‘@é’g‘n‘t# Sentﬁcgir?\ktgo prov?dgmgy(e\xt‘ﬁgi imcp%q'ng{rea H‘aker by
mi cr opar t | dlosdng thepaper mathipe tocrun more cleanly oyhiletprodusing abetten sheee atligheromadivine
paper s maki t LKchap de.eq : d or nance, ..
corrpa?ed t%gﬁtrﬂese%?'%%ttgﬁt fe(t)er?\‘@}r'ldﬁgr %‘Z‘g‘e‘gﬁ S %ﬁﬁ"\ﬁ-ﬂﬁé P%s;aﬁfﬂ‘nﬁaﬁ%'?thenc
obj ect to micropaiticle systeined Certairt bf thesechetsntiom anks isclude eolividal taleminunchpdrokide,
m croparticles . - nQt he ject is.to use the synthetic

T nerar m S magesium siicats, benfoRftrollofl Sfita.'sfd ofeabittadtyt brsed ysiems.
paper - maki ng systens by providing such particles as drainage and retention
ai ds. lp anot her aspect of .the present i,nvention, if is anp object
to provide a syﬁf&?ﬁd&ﬁg ABon 508t Aualify. jaystomer  fegyiggments M‘?é?‘{'?'r gonsidesgtions, the

10 papermaker may employ a number of differing strategies of retention aid use. One typical
strategy is to add an agglomerating agent to a thin stock precursor to the paper furnish. Such
agent acts to -agglomerate or flocculate the fibers, fines and solids. Typical agents are starch

and/or polymers. However, such systems often subsequently subject the agglomerated material
to a shearing force in screening eq-uipment to produce smaller agglomerates with an intended

. 15 purpose to obtain better sheet formation. A retention aid to help retain the fiber, fines and other
desired solids can be added to the system before the furnish is passed through the paper machine
head box to begin the paper matrix formation on the paper machine web. This retention aid
causes a second agglomeration differing from the previous agglomeration.

20 Such aids have varying degrees of effectiveness due to the numerous variables in the
paper-making process. One strategy is to formulate in a remote production facility various aids
having a variety of relative percentages of the components. These differing percentages in the
retention aid's composition are intended to match the requirements of the fumish for overall
system performance. Such strategy often makes performance a result of art and happenstance

25 rather than of engineered control. What are needed are better drainage aids and retention aids
and methods of using such aids in the paper-making process.



Prior Related Ar I nternational Publication No. WO 92/ 20862
di scl oses a process for inproving the 20 production of paper and paper
products by addlng a cationic polynmer and an anor phous net al

silicate sepagad o t he papermeking furnish with sufficie 615507

bet ween addltlons order of addition of these conponents I'S not
critical, however, the preferred order of ad&@i#ion is to add the
polymer prior to the |last high shear point Subsequently the anorphous netal
silicate I s added before feeding the resultant m xture to the
headbox of a paper meki ng nmachi ne w t hout 25 subjecting the mxture to
any further substantial shear. Products produced according to the

process of this invention are useful for increasing retention, drainage,

and formation in_the production of paper frompulp slurries
WO 97/ 17289 Further, a system of agglomerating particles is sometimes useful in the treatment of water

PCT/ US96/ 17i90t7a ing or otherwise desired 1
U S; Pat. ; P 8g4 442 di sclr?)ns‘%‘ém he ?sggctp m(-)nr? e(s)ifmgoo l|su°r¥1 odpee ElgPléleﬁﬁ@m water.

al um num suWhHPénm systems foz rwaser teeaimentonkist rbnse‘dmpomeuggldmengxqumi@plbgt,ﬁw Snd
subsequent | yeofiii lal ?Efﬁﬂm‘&am gll%lgir&rl&ecj Products produced according

to the process o I's Tnvention are useful as pignents and noi sture

condi tdoners and are especi aIIy useful as rubber rei nforci ng mat eri al s and
as a filler in No. 4,213,874
di scl oses a net h‘gﬁﬂiﬁg‘g’r dga% |aﬁ ohipct.pf, the pregent Qﬁﬂﬂﬁ’ﬂoﬁ’s p"°"'d° synthetic mineral

preci pit at edxcwﬂm:tles;rcpaiﬁalﬂyrmaﬂﬁb|mﬁﬁ€pﬁ&1cha.vwmh laRChEWA 56> the! 2B eﬁmﬁﬁ% and
properties. Jh E‘{o$cts of the 1 nvention have base or Ion exchange
capacities ‘Eh‘ﬁglp ids eanghorpnhanced nerformanse icompansd da present retentionandakainage aids.

adsorbent s Iorig @rfarthércbbectito Wdvide 20 heiodNfor e HIolGAEANSE M Wnthidic mineral

10 microparticles.

Another object is to use the synthetic mineral microparticles in a novel method of
prodt_zction in paper-making systems by providing such particles as drainage and retention aids.
In another aspect of the present invention, it is an object to provide a system of agglomeration
15 useful in water treatment.

Prior Related Art

International Publication No. WO 92/20862 discloses a process for improving the
20 production of paper and paper products by adding a cationic polymer and an amorphous metal
silicate separately to the papermaking fumish with sufficient mixing between additions. The
order of addition of these components is not critical, ﬁowever, the preferred order of addition is
to add the polymer prior to the last high shear point. Subsequently the amorphous metal silicate
_ is added before feeding the resultant mixture to the headbox of a paper making machine without
. 25 subjecting the mixture to any further substantial shear. Products produced according to the
process of this invention are useful for increasing retention, drainage, and formation in the
. production of paper from pulp slurries.



Summary of the Invention The present invention provides a
synthetic netallic mcroparticle conposition conprising 15 t he product
precipitated in the adm xing of a soluble netal salt and one or nore
conpounds havi ng a conponent selected fromsilicates, phosphates and
borates. TheWR¥AI7283| ts useable are sel ected from sa&drauspénwet al s
in Goup 2 of the Periodic Table (particularly beryllium -magnesi um
calcium strontium and bariun); the genera1l fransitional nmetals of G oups
3 through 12 (including | anthani des and the actinide el enents); and
various netals in Goups 13 through 20 17 (particularly alumnum zinc,
gal lium cadmum germanium indium mnercury, tin, thallium

antimony, | ead, UtS. PatiNo. 3M.4pnlmldse§me kacﬁmeoMUncs!hed’te end aliniiRith shiffe in
silicate can be a i cat.e or an.al um nqgsil

ol aoonoRhadiets medipm.  Jne 3ulfng pribifiin B Aistanesty Hltersd, washed and dried.
anot her aspsducts bmuaédeﬁdtaidmm& pRBeROFHIAY RVeitivn ¢ ﬁséﬂntab 9@%@% moisture

silicate by the 25 reaction a neta-sjlicate with a neta

The pr esen&‘ﬁfﬂﬂé’ﬁﬁ ard jage a?SEQP‘%ﬂY asefuk 195 Fubbar reinfprcing maeriNsaiandops angiller in
ret engi on bibehhﬁcm formati on of a paper matrix conprising the steps
of adm xing a soluble netal salt and one or nore conponents

sel ect ed from silicates, phosphates and borates, to forma reaction
product ; [ I

produce a rmdl fll%rpag' grg Htl?ﬁh 8%?‘“ &ch}g&ﬁ&d %}dp,%dﬁ’éi‘@f rﬁneﬂ'vﬁ g‘%’ffmh“s

PCT/ US96/ 1p@Cipitated alkah metal almmiosihm hlgmg :meased)mnmkcltahge pmﬂexftieﬁd’lweaucts

- furnish on aper .naghi wire to f rma a n
e morount b8 EmtER RvA ate & ion iR e equstn kngwd ey aeplling eolitc bade
measuPi ng exchangesmfr aﬂhﬁbmuﬁu mfmummxﬁmwe@gmwuﬁmﬂg t he

anount of the soluble netal salt and/or the . anount of the conponents
sel ected fromsilicates, phosphates, and borates to effect a desired 5

change in the anobunt of retaini ”QWE

The present invention provides a synthetic metallic microparticle composition comprising
15 the product precipitated in the admixing of 3 soluble metal-sait and one or more compounds
having a component selected from silicates, phosphates and borates. The metal salts useable are
selected from salts of metals in Group 2 of the Periodic Table (particularly beryllium,
magnesium, calcium, strontium, and barium); the general transitional metals of Groups 3 through
12 (including lanthanides and the actinide elements); and various metals in Groups 13 through
20 17 (particularly aluminum, zinc, gallium, cadmium, germanium, indium, mercury, tin, thallium,
antimony, lead, bismuth, and polonium). In one particular embodiment the silicate can be a

silicate or an aluminosilicate, an aluminophosphatosilicate, or an aluminoboratosilicate.

In qnother aspect, the present invention achieves the production of the silicate by the
25 reaction of a meta-silicate with a metal salt.

The present invention is also of a method for controlling drainage and retention in the
formation of a paper matrix comprising the steps of admixing a soluble metal salt and one or
more components selected from silicates, phosphates and borates, to form a reaction product;

30 admixing the reaction product and a paper fumish to produce a modified paper fumish; retaining



Det ai | ed Description of the Invention 10 One enbodi nent of the
present invention is a conposition conprising the product
precipitated in the adm xing of a soluble netal salt and one or nore

conpounds haviy§ of7289 conponent (i.e. noiety) selected frgp sdokafodt €S,

phosphates and borates. Preferably, the netal of t he sol ubl e netal
salt is selected from (1) beryllium magnestdn=-calcium strontium and
bari um (2) the first transition series of scandium titanium
vanadi um chrom um nmanganese, iron, 15 cobalt, nickel, and copper. (3)

the second t s @taldifg) a PRHIGISothe hddifiddpapét fufrfich Ui)a pipePinaBhine wire to form a paper
nol ybdenum technetium ruytheni um rn}o I ym  pal | adi um and silver; (AB ,

| ant hani des, ™% measuring the gmopat of such retaining and draining; andmthe hesisiof the measuring
neodym um pg ' i 'Hd]]:sti RTpY j

dyspr osi um hgﬁmrenkﬂi%me?%?ﬁﬁh ﬁhdl ?uwrtrl]g%t ter l')llgtjhrre] méﬁg‘g%th%t#umr%ﬁ ‘?{a‘?ﬂ #ﬁ}amd/orthe
t hi rd transi dmepntsefy the sopiponerts selented fromcgilicates: phasphates, and dorates tooeffeatra desired
i diumg Pl aly g 32ChrAthme of 0k fine( ok RG] N de el ements of actini um

- thorium wuraniu neptunrum plu ol um  americium curium

berkelium californium einsteinium ferm um nendel evium nobelium and

| awr enci um and (7) the elenents of alum num zinc, gallium
cadm um gernmanium indium nmercury, tin, thallium antinony, |ead,
bi snmut h and pol oni um 25 Detai i gduct is

represented by an enpirical fornula selected fromthe group
consi sting of [err] ' _
10 _ One embodiment of the present invention is a composition comprising the product

precipitated in the admixing of a soluble metal salt and one or more compounds having a
component (i.e. moiety) selected from silicates, phosphates and borates. Preferably, the metal of .
the soluble metal salt is selected from (1) beryllium, magnesium, calcium, strontium, and barium;
(2) the first transition series of scandium, titanium, vanadium, chromium, manganese, iron,

15 cobalt, nickel, and copper; (3) the second transition series of yttrium, zirconium, niobium,
molybdenum, technetium, ruthenium, rhodium, palladium, and silver; (4) lanthanides, which
consist of lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium; (5) the
third transition series of hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum, and

20 gold; (6) the actinide elements of actinium, thorium, uranium, neptunium, plutonium, americium,
curium, berkelium, califomium, einsteinium, fermium, mendelevium, nobelium, and lawrencium;
and (7) the elements of aluminum, zinc, gallium, cadmium, germanium, indium, mercury, tin,
thallium, antimony, lead, bismuth and polonium.

25 Preferably, the product is represented by an empirical formula selected from the group
consisting of
MM, ALSi,P. O sue1 sxezps250
M), ALSi,B,0 5041 5x02ye1.505
M), M(I),S1,00 swens2es
30° M(I),M(I),ALSi, O swexs1 syr2en
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5 [err] 10 wherein M 1) is hydrogen, |ithium
sodi um or potassium Al is alumnum Si is silicon; Pis

phosphorus; w09n®meYgen; B is boron; MI1) is nagnesi um calRGTRE6/17907
strontium or barium MIII) S a.tﬁa_nsition metal of the first,
second or third series or the actinides; MIV) is a netal of the

| ant hani de series; a is the valency value of the MIII) netal; wis a val ue
to bal ance the election 15 charge created by the values of x, y, and
'z, and x, y, and z are each independently a value from - about 0.1
to about 10.0. M®@),MID,Si,P.Osuntissf €rably the soluble nmetal salt is a salt

with a netal %@mﬁ from nmagnesi um i ron, copper, zinc,
zirconium ytt @ cerium nore preferably from copper, 20
iron, zinc, zirna@MODMDOAQLYLM nost preferably iron, zinc, zirconium
and al um num tal salt is selected preferably from

Myd [err], Fed @N%ﬁigwwsmqﬁer r], znSqerr],
R e ™ ST e, o
)=MQI), zo(omz#l.s;);
M), MIV), 81O swe1 50205
M(D),M(AV),ALSi,00 sws1.5001.57120
M(D)MAV),SL,P, O sws1 sxe2ys250 204
10 M(D,M(IV),S5i,B.Op swe1.5m02p01505
wherein M(I) is hydrogen, lithium, sodium or potassium; Al is aluminum; Si is silicon; P is
phosphorus; O is oxygen; B is boron; M(I) is magnesium, calcium, strontium, or barium; M(III)
is a transition metal of the first, second or third series or the actinides; M(IV) is a metal of the
lanthanide series; a is the valency value of the M(III) metal; w is a value to balance the election
15 charge created by the values of x, y, and z; and x, y, and z are each independently a value from
about 0.1 to about 10.0. |

Preferably the soluble metal salt is a salt with 2 metal moiety selected from magnesium,
iron, copper, zinc, zirconium, ytterbium, lanthanum and cerium; more preferably from copper,
20 iron, zinc, zirconium, and aluminum; most preferably iron, zinc, zirconium and aluminum. The
metal salt is selected prefenbly from MgCl,, FeCl,, CuCl;, ZnCl,, ZnSO,, Fe,(§0,),, ZrOCl,,
¥YCl,, LaCl,, and (NH,),Ce(SO,);.

. The silicates, phosphates and borates useable can be any type and can be represented by

25 the general moiety empirical formula SiO,, PO, and BO, wherein x ranges in value to provide

know compounds or compounds produceable by the art. Such silicates, phosphates and borates

moieties can be 8 part of compounds having various characteristics, such or being soluble or
ins_oluble in liquids.




The silicates, phosphates and borates useable can be any type and can be

represented by 25 the general noiety enpirical fornmula SiJerr] PJerr]
and B err] wherein x ranges in value to provide know conpounds or
conmpounds pr oduc%eﬁlggé by the art. Such silicates, phosphates papgishi78d7S

noi eties can t of compounds having various characteristics, such or
bei ng sol ubl e-or I nsoluble in |iqukds. - V\D

97/ 17289
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In one preferred embodi nent. th silicate . aluwmnosilicate,

an al unmi Hopreesph Rrefered zﬁ"&"dﬁﬁ‘e“&n ‘&F un‘?’ﬁ%ﬁr dfoshR i caluminosilicate, an

silicate caflubthcphbiphbaiiitidateOrBnPdBminoboratosilicatk.! TR Silicdtd art! 88 E%@d&fted fif?rm and,

hydration is relatively immterial, in another preferred enmbodi e
silicate i sdﬁwoephﬂwdweq pEhydsation @rrelawveéy iramategal, in anather(prefierred ealbgdimemtﬂm

with the nojigise § fepire tﬁe reacti a@ﬁ:ﬁ; ligk )ﬁhﬁqg Wi daR @ltﬁ (}i' ﬁ%tl&%ssbch

as t-hat nmade by reac |ng and W t i um hydr oxI
car bondt e. Wprepreferatily ancbgmamta-lsnhrcm sych athatgnatle by reacting sand wuh sodiurtrhyidinedde

erhodt ent gl Ll ENERL! AR SaR IRLA0Y Ly cOnt ol 11 ng. dral nage

and 10 en 1 on orna [ on a paper ri x conprising the
st eps of (D) adm xing a first amount of a soluble neta
salt and a second anmount of one or nore conponents
selected fromsilicates, phosphates and borates, to forma

reacti on product Another embodiment of tha) reseﬂdﬁ\reﬂubﬂ i§ h&nmfdr%nﬁbﬂﬂﬂcdmnﬁge and

pol y and a paper, f rnrsh to produce .a nodi fi ed
paper’ﬂfﬁur ni 2fention in the formation °€3P‘P“r‘%’c‘5¥ ﬁ?‘ﬂ@“’éﬁ'ﬁi}b&rs‘ﬂ'ﬁé’fnr ng a portion of

the nmodified papgy fumhﬁ:hhgowas:m: of a soluble metal salt and a secBR@® RindGnt"of 6nd Or
forma paper matrix; (4) measuri ng the anount of retalning

of fibers. fines and o compeonentsselested,fromysilicates, phosphates and borates; tal/form a

dr ai ni ng of wat er fropgabdisn i ed paper furnish as the paper matrix is 20
formed; and, e ﬁ?gﬂ"& on the basis of the neasuring of the

amount of retain{2)g asdmixingthe reactipn producs; k pplymer, and a paper fumish to produce a
15 modified paper furnish;

(3)  retaining and/or draining a portion of the modified paper furnish on a paper
machine wire to form a paper matrix;
4) measuring the amount of retaining of fibers, fines and other desired solids in
and/or draining of water from the modified paper furnish as the paper matrix is
20 formed; and,
(5)  on the basis of the measuring of the amount of retaining and/or draining, adjusting
the first amount of the soluble metal salt and/or the second amount of the one or
more components selected from silicates, phosphates, and borates to effect a
desired change in the amount of retaining and/or draining.
25
Preferably the metal salt and the component selected from silicates, phosphates and
borates are reacted to form the reaction product of step (1) before exposure to the paper furnish
or polymer in steps (2), but need not be. For example, the metal salt and silicate, phosphate,
and/or borate components or the reaction product thereof could be admixed simultaneously with
30 ° either the furnish and/or the polymer. This admixing of the metal salt; silicate, phosphate and/or




the first amount of the soluble netal salt and/or the second anmount of the

one or nore conponents selected fromsilicates,
phosphat es, and borates to effect a desired change in
t.he amount of retaining and/or draining. 25 Preferably the

nmetal salt awdathe2sgonponent sel ected from silicates, phosprerasscares?
borates are reacted to formthe reaction product of step (1) before
exposure to the paper furnish or‘p%l?ner in steps (2), but need not
be. For exanple, the netal salt and silicate, phosphate, and/ or
borate conponents or the reaction product thereof could be adm xed

-8i mul taneously with 30 either the furnish and/or the polyner. This

admi xi ng berateheompanght; Jedction produst; tpaperfumishi and polymep can be performed in a vanety
WO 97/ 172

PCT/ Usa6/ Dy Spences at one of severel aidition poiuts for o peper machins ot in process liges entering

furnish; amdpwah;chme togroduze tiss inodified paper Surnish, &oy instance, thevidmsixingosfeither the

f I t t hi
Ontert ng. pibed ruftish or B8 RfmeentsPhe Aot o SRS, dbane? bREST Bladdidar op gre
i nst gncg othee ?rjﬂ mven;xoaf ltxleavhkuernctddes an opnonaptapproffmeyﬂe bf Q][pdrﬁﬁn RE th&Paper
m e one N Cll on re Ilon O
Cohers o Backios hrodiet 1o fourogest ., Shchteey ded Bateriacn &8 g St of pae oF he above

portion Ofcoinb&xﬁwﬁrﬂxe various §1Bgs) i AS a Pk GkarhpleloTehe VATERE  in IHE bed&ﬂwlo?%
mat eri al can be t he source of one of the above conponents 1n th

various sStEpsor paststheseof, in pne embodiment theipolymaeriand |ﬂ!ﬁ‘PqPﬂf f"ﬁ%lsk iy sten €2) vTe prére
steps or é&w&?%ﬁ@ﬁ@ford fhe %@u‘%ﬁt&?%\éﬁ%@tﬂ?@d g@é 61?2 Ci{x}]ﬁ‘ad% ibodimen

furnish in step E to et ion or"
t he ¥eact tharepstion produst of step (1) and merpanwdmh i mmmtne-moced be‘im ﬂ:mﬂmmn

duct of t
Phe. addi ¢ % B ol S s b inglfad Sinbolfalof WY e Bfhortasd BF ol Raltihrofies e
conponent s)olyindrmmbapapeomrpisb drecsimultdneously admixeb Oginer variatiosis bfimixiag and points
f i sh | t I d i at . h X d i nt
of it &% B4R #27 B 5ed gt e moaitBh Pl IS S B Ot ot ep (2)
15 The pol yner useable in step (2) are those polynmers typically
used 5 n paper

'ﬂe poq)'mer useable in step (2) are those polymers typically used in paper making
systems and which act as aids to flocculation. Preferably, the polymer is a synthetic organic
polymer, e.g. a polyelectrolyte (anionic, cationic or ampholytic) or a nonionic polymer and
contains one or more type of structural repeating units. For example, a homopolymer, copolymer
or terpolymer; but not limited to only three differing types of structurally repeating units.

20 Variation in the polymer can occur so that a distribution of polymer molecules may be present
within the “polymer”. The polymer may be initially supplied in a variety of forms, such as
powder, granules, aqueous solutions, gels, and emulsions. Preferred among the nonionic polymers
are poly(acrylamide) and poly(ethylene oxide). Preferred among the anionic polymers are
carboxyl group containing polymers and sulfonic acid group containing polymers. Preferred

25 among the cationic polymers dialkylamino alkyl acrylic and methacrylic ester polymers, N-

' (dialkylamino alkyl) acrylamide polymers, carbamoyl polymers, poly(diallyldimethylammonium
chloride) polymers, poly(hydroxyalkylene polyamines) polymers, poly (ethyleneimine) polymers,
and cyanamide derivative polymers. Preferred polyampholytic include those which are

. copolymers of the above cationic, anionic and ionic moieties, and can have amphoteris character.

30 In yet another preferred method, the reaction product of step (1) is milled or dispersed to a



systens and which act as aids to flocculation. Preferably, the polyner is a

synthetic organic polynmer, e.g. a polyelectrolyte (anionic. cationic
or anphol ytic) or a nonionic polymer and contai ns one or nore type
of structural 6%8{37%# ng units. For exanple, a honopol yner, ceepissd7so7

or terpolyner ot limted to only three differing types of
structurally repeating units. 20 Vari at Bom in the pol ynmer can occur so
that a distribution of polymer nolecules nay be present wi thin the

“polymer”. The polymer nmay be initially supplied in a variety of forns,

such as desired sx%h%fe’ n%ﬂlﬁﬁh ﬁ?quh‘ig}'ﬁxr?&l\ utions, gels, -and emul si ons.

‘Preferred anon e nonroni c-po are poly(acryl am de) and
pol y(et hyl ene oxi de) Preferred anong the ani oni c poI ynmers are

e

acr y: ic grad dERd bﬁﬁllkﬂm&pﬁﬁi'-ﬁalkihi& ?mes*s, N-a typlcgl pa;l’(ﬂlﬁlﬁh ailzbﬁonﬁu %Y%) and 2
acry m de pol yne yl pol, rs, pQ y( di y y ammoni um
chl or de) ﬁ‘&‘ %%'r °°B’<5’I'W2 %rae 1 °n‘lé “gﬁ bt 2bow) 19.0, and the

(et hyl eneirgfid8f xS %%Eﬁmxzed or optmﬁﬂ!ﬁ ﬁYi%ﬁl‘Hc‘ﬂﬁu Gﬁéx‘aﬁﬁ’ﬁ bé(rﬁhi?&{ YA By d}a‘"ﬁﬁe

Preferred pol yanphol ytic include those which are copol yners o
above cat |%P(9°°’érﬁ05 long fRANEBNI ¢ npi eties, and can have anphoteris
character. 30 In yet another preferred nmethod, the reaction product of
step (1) is mlled or dispersed to a WO 97/ 17289
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desiyged size b pa

pref fedrar ed mat e%g’lng aﬁygkg? %ﬁ& %@%&a’ %ﬁ%? gﬁ%og\;lémeﬁ?ep '5?5'58‘3&“ @“t?s%ﬁﬂeé
I n either systems in whithastirch ix amadditivesodimpeine silicateds prmure psefeired mitnpparticle. In
Formul ag TRy PRt ey in Wik SR iy 48 addinke sofim, G siafeoh &pore pestereed
rati o of xmigropattiele;ust om zed or optim zed for a part [ cuI ar oper ating

condition and can change as the process conditions change. 10
I n paper systems containing starch a sodiumnetal silicate is preferred. In

Whi tE5 paper  OptionalS¥hib&ditents .ﬂﬂh&@a@ﬁ@ﬁﬁ&einsuﬁrbmcue&kwsanﬂl iH5tep (4 above
silicate is nore preferred mcroparticle. In
xnclude fillers, such as calcium carbonate; recycled material, such as paper machine broke; and/or

pigments.

In another embodiment, the present invention is a method for treating water comprising
20 the steps of
(1) admixing a first amount of a soluble metal salt and a second amount of one or
more components selected from silicates, phosphates and borates, to form a
reaction product; and
(2) . admixing the reaction product and water comprising a polymer to produce water

25 . comprising floccule.
The following optional steps may be performed:

(3)  providing the sedimentation of the floccule in the water to produce clarified water;
30 - and/or



brown paper systens in which starch is an additive sodiumiron silicate is
a nore preferred m croparticle. 15 Opt i onal

enbodi ments include steps wherein the other desired solids in step (4)
above include fillers, such as cal cium carbonate; recycl ed

materi al, suwoea7meper machi ne broke; and/or pi gePCI/US96/17907

I n anot her enbodi ment, the present inventi Yy is a method for treating water
conprising 20 the steps of (D) adm xing a first anount
of a soluble netal salt and a second anobunt of one or

nore conponents selected fromsilicates, phosphates and borates, to forma

Teaction product; and- (2) adm xi ng the ré&action product
and wat er conpr(4i ngfiltegimg theovatércoppasing flocatleto @move effectively remove the floccule,
conprising floccule: ' The foll ow ng optional steps may be
per f or med: (3) provi di ng the sedi nentation of the

floccul e in t heThefermedofigucaléLute 16 trakti the edtescbiyesiectdatically binding or by physically
g?g—; arsg 6/ 19RS(pining undesired ma\t/;ga?s?s/uglz EsSs%lids or oils or suspensions which are desired for rempval.
5 ﬁé f ls](‘) LLE lﬁgﬁlﬂﬁﬂtib Qe effected By dediniéhedtion Cor iRratioh of T Ao&hl&C THE stept T Ge
performed sequentially or simultaneously in any combination of order. For example, in one

instance effluent process water, such as from a paper mill, is treated to remove suspended fibers

or other solids before discharge into the environment. The components are added to result in a

floccule formation, which entraps the suspended fibers or solids in a clarifying operation.

10 Although this example deals with a paper mill effluent process water; the invention is applicable

to incoming mill water to remove naturally present solids or to process any water stream where

clarification is desired.

The following examples serve to illustrate, but not limit, the scope and definition of the
15 present invention.

EXAMPLE 1 - Magnesium Silicate

Seventy five (75) grams of a 0.1 molal aqueous sodium meta-silicate solution
20 (Na,Si0,-SH,0) was added to a 200 milliliter beaker equipped with a magnetic stir bar. Seventy
five (75) grams of a 0.1 molal aqueous solution of MgCl, was then rapidly added to the stirring
meta-silicate solution. These reactants were at ambient temperature. The mixture was stirred for
one minute after which the reaction was terminated. The reaction resuits in a cloudy, white
slurry containing magnesium silicate microparticles.
25
EXAMPLE 2 - Zinc Silicate
Fifty (50.0) grams of a 0.1 molal aqueous sodium meta-silicate solution (Na,Si0,-5H,0)

was added to a 200 milliliter beaker equipped with a magnetic stir bar . Fifty (50.0) grams of
30 2 0.1 molal aqueous solution of ZnCl, was then rapidly added to the stirring meta-silicate




The fornmed floccule act to treat the water by electrostatically binding or

by physically entraining undesired materials such as solids or oils
or suspensions which are desired for removal. 5 Renoval is then
effected by seggdj ?ﬁﬂ% tion or filtration of the floccules. Fﬁﬁﬁﬁél
performed sequen y or sinmultaneously in any conblnatlon of “or der For
exanpl e, i.n one I nstance effluent pribtess water, such as froma
paper mll, is treated to renove suspended fibers or other solids
before discharge into the environment. The conponents are added to result
in a floccule formati on, which entraps the suspended fibers or

solids in Lari fyin eration, ugh, t hi,s exanpl e deals wth a
paper il | s QIO n?‘h &3‘&‘5‘5"\5 wrks at mg'ﬁ'ét ﬁeﬂ‘?&’ﬁgﬂ' lil""% mixtyre was,pirred for one minute
i nconi ng mdﬁer wﬂic}nht eeactioibwas fefrhitiated] The rachol resutsiials cudy, WRtOAGTY c@{%mmg
wat er stream whgre clarjficatiop js desired.

f ol | owi ng e?'éﬁﬁf‘é?e misropartigles.| Chemical analysision the resylfipg precipisatehye-raynfiuorescence

definition refreal&wmiiaredomxﬂ&s:“p%uuct VS EA,QSH, (Os.. _
EXAMPLE 1- Magnesium Silicate Seventy five (75) grams of a

0:1 nofal aqueous sodium neta-silicate solution 20
(Na[err]Sigerr]5H err]O was addggAntpRED O 148n! sth€r beaker equi pped
with a magnetic stir bar. Sevent —_TTV'E'T#‘;#—EQ rams of a 0.1 nol al
agueous sol ution of MyCl[err] was then rapidly added to the stirri ng
meta-silicate s [ h reacta re anbi ent fenperature. The
m xture was sti Mgd h?\@?rez (i) ‘e ‘#1[ ﬁuﬁ Wfér%‘?hs‘[‘ﬁ‘é’“r meta-pilifatpasolution
t er m nat ed (NagBiOe$idj0)omas mkled tcSalznOanltlilwcbpakeMeqtipped with 8 m#gniétic ¥tir bar .  Sixty
conta in 'Ii te m croparticle \

Vel R 27 CBPRARS GE L il usns'sBfilton of F&G 670 s then sapidh sdfedstortng siming
m)l aI aqueouea-sdwmrmtmtoa STHei réfdtnts wedeldt @mbiebit fetripetative] qme]mi&l{:swakghmd for
was added to_a 20 %‘ﬁldtler beaker eqU| ed with a nagnetic stir bar .
Fifty (50.0)" dF'é'Hg' TR FerRidtegy s %ﬂceﬁe&plmphudyhm
then rapi disiurfdesstaibingtifsh §héarté hﬂ&oﬁﬁ‘hﬂ!ﬁ' Chéitfchl analysis on the resulting precipitate by

x-ray fluorescence revealed the predominate product to be Nay,Fe,Si, ,0, o
15

E PLE 4 - C r Silica

One hundred ( 100) grams of a 0.1 molal aqueous sodium meta-silicate solution
(Na,Si0,-5H,0) was added to a 200 milliliter beaker equipped with & magnetic stir bar. Seventy
20 (70) grams of a 0.1 molal aqueous solution of CuCl,;2H,0 was then rapidly added to the stirring
meta-silicate solution. The reactants were at ambient temperature. The mixture was stirred for
one minute after which the reaction was terminated. The reaction results m a cloudy, blue slurry
containing copper silicate microparticles. Chemical analysis on the resulting precipitate by x-ray
fluorescence revealed the predominate product to be Cu, ;581 40y,45-
25

EXAMPLE S - Zirconiuvm Silicate

One hundred (100) grams of a 0.1 molal aqueous sodium meta-silicate solution
(Na,Si0,-5H,0) was added to a 200 milliliter beaker equipped with a magnetic stir bar. Sixty(60)
30 grams of a 0.1 molal solution of ZrOCl,-8H,0 was then rapidly added to the stirring meta-silicate
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PCT/ US96/ 17907 - 11 - solution. The reactants
were at anbient tenperature. The m xture was stirred for one mnute

after which the reaction was term nated. The reaction results in a cloudy,

white slurry WOAYVHRSE ng zinc silicate mcroparticl espcfhsssnod?

anal ysis on the resulting precipitate by x-yay fluorescence

reveal ed the predomi nate product to be zn[ eﬁa]'Si [err]Jerr]. 5

EXAMPLE 3- Iron Silicate One hundred (100) grans of a 0.1
nol al aqueous sodium neta-silicate sol uti on (Na[err] SiO5Herr]O

Vias added gl eo.?.onsnrédcuntst@ér Dt ftiient WihpepddireV THe ARG
Si xty 10 u l%‘cgram; of O. 1em)l al Ia ueous sgl utlon' of FeCI éférd]gﬁ girer '5"”

was then r aB'r theggagtion;was tarmiRated, gThe reaction regults insg ¢loudy, avhitel sliripcontdining

reactants tu I S
et snush, ARGl U8 WU ol by

a cloudy, Buetgscence revealed |the predominate produst ito beNay, [ZrgflinOgi.cr oparti cl es.

Chem gal analysis on the resulting precipitate by X-ray

fl uorescence reveal ed the predom nate product to be
Na[err]Fe[err]Si[err]Jerr] 15EXAMPLE 6 - Lanthanum Silicate

EXAMPLE 4 - Copper Silicate One hundred (100) granms of a

0.1 nol al aqueous sodium neta-silicate solution

(Na[err]Sig er r mu[ mdréa (100) %ﬁdﬂi of Oa 0. P Gholal laquédub efodhﬁﬁlkﬁetaeﬁﬂéa?@%lunon

wth a mag bar . enty, (70),grang of a 0.1 nolal aqueous
23

sol ution o ) t'H@H“F‘aM?’y’%’é%ﬂ With g feaggetie stimbar. Fifty
net a-19i | i cgs0y gsahybf QO 1 bRl ifAGELRIONVEL 28], 72O ﬁﬁm&&ﬁﬁlﬁ&éé& to tHE stirring

m xture was stl{red one mnute after which t reaction was
t er mi nat edMetEhE ‘F%ﬁé?%ﬂn'r dhe reastants were Fb%m‘}'mt’cﬂ’{!'@em Yhe mixture was stirred for

cont ai ni NgoRe Ritfkte flsk %{.@h mecm&ﬁfntw fefm rescence reveafi‘gm?ﬁl &foudy, white

resulting precipitate by Xx-ray
predoni nat E‘“ﬁb’omnm béﬂn@upumr siticpter micopparticles. 23Chemical analysis on the resulting

EXAMPLE 5 éﬁ r% h'ugi% ce r calec? thesporfd w%m%ege i.%,,gﬁ m% ams of

a 0. 1lsm)l a aqueou um rre a- sl |ca

EXAMPLE 7 - Yiteium Silicate

One hundred (100) grams of a 0.1 molal aqueous sodium meta-silicate solution
(Na,8i0,-5H,0) was added to a 200 ml beaker equipped with a magnetic stir bar. Fifty (50)
20 grams of a 0.1 molai aqueous solution of YCI,-6H,0 was then rapidly added to the stirring meta-
silicate solution. The reactants were at ambient temperature. The mixture was stirred for one
minute after which the reaction was terminated. The reaction results in a cloudy, white slurry
containing yttrium silicate microparticles. Chemical analysis on the resulting precipitate by x-ray
fluorescence revealed the predominate product to be Y, Si, ;0,4 |
25 :

EXAMPLE 8 - Copper Aluminogilicate

To a 200 ml beaker equipped with a magnetic stirrer was added 50 grams of a 0.1 molal
aqueous solution of CuCl,-22H,0. While stirring the previously described solution 20 grams of
30 0.1 molal aqueous solution of A1,(SO,), was added. After stirring one minute 100 grams of a



(Na[err]Sierr] 5Herr]O was added to a 200 mlIliliter beaker equi pped

with a magnetic stir bar. Sixty(60) 30 grans of a 0.1 nolal solution of
ZrOCl]err]H err] O was then rapl dly added to the stirring neta-silicate
\IQQT?ZJ/SS%/Z?% O‘P’O 97/17289 : PCT/US96/17907 12 -
solution. The reactants were at anbient team@¥ ature. The m xture was

stirred for one mnute after which the reaction was term nated. The
reaction results in a cloudy, white slurry containing zi rconi um
silicate m crorg%l cl es. em cal__anpal ysis on the resulting precipitate by
X-ray P'dorPECRH ?%%I%s@:é}wmm%kaﬁ‘ﬂdw wnbwas stirred for an

Na Z
5 L S0 0 i et o e, T iy

a 0.1 nol al® &ﬁ SBETYscontrining, the precipitated soppes aluminesilicate mwfopamdes Chemical analysis
(Na[err]Si [ L st quped
with a mgﬁ%}ffccrksﬂﬂ&) ?{?E&QL ﬁ%eqqgggréd?g‘&a?eg& offct t*’ bs (g{"f%rg‘t}? Hre ddueous
soluti®n of LaCl[err]7H err]O was then rapidly added to the stirring
meta-silicate solution. The reﬁ&ﬁﬁ%rez@ ‘ﬁnblient tgrrperature The
m xture was stirred for e reaction was
term nated. The reaction results in a cloudy, wite slurry

I es. Chem cal apal SI S on

t ai ni | ant h | t t he
Fesulting. o " Sidhte (EE ptanty of & 151, melal raeces: s, o Puth wes 3dded to a 200
pr edoni nat emilmifbuaieaka- b@ubﬁ{de(vitb& Infughnétfd Stirkdr. While stirring. the d:tevxousr!r{ described

0.1 Pl stolelss RS (APt » Ouk sclelagurant Soluion of AL(SO, was added.  Alter
(Na[ er r] Sl Qtizting ohb %hh@on‘é’ﬁﬁmﬁ%‘i‘i‘ﬁ)‘bﬁn@g@a'@l Hﬁﬂfﬁ@f&%‘ 501866k BF gﬂl‘% o SH.0

al aqueous

magnetic stir bar. Flftal%bh grans of
of YC [ err] ¥t Wrkiy slnamvmsum&; !Pcﬂdﬂimnsltmemgmd’teawhlch the reaction

silicate sSokiY¥ tepii Tk afinreli W, he m.xt u

was stirred for or{leaua? m nut e faeﬁtlg h Eh Emg@ g’t"é?ﬂ?ﬁﬁtfg(fmc

The react i cHumingsilicatej micsopsrrticles proguct cChémicalyanalysis by x-ray ﬂuorscence revealed the
15 predominate product to be Zng ,Al, ,2Si, 40,

EXAMPLE 10 - Retention Aids

Products of examples 2 through 9 were evaluated as microparticle retention aids using
20 standard Britt Jar techniques as described hercinafter. Commercially available microparticle
retention aids (Allied Colloids® Hydrocol® O beatonite and PSM-Particol® B. Silica microgel)
were used as controls. The paper fumish used was a blend of 60% hardwood kraft and 40%
softwood kraft and was filled with 30% precipitated calcium carbonate. The total furnish solids
were 0.5 weight percent consistency. The fumish had a measured pH of 8.5. A polymer
25 flocculent, Allied Colloids® Percol® 175 polyacrylamide (a medium molecular weight, cationic
polyacrylamide), was added to the furnish and the stir rate was increased to 2000 rpm. After 30
seconds the stir rate was decreased to 750 rpm. After 10 seconds the microparticle retention aid
was added. Ten seconds later, the jar was drained and the first 100 ml was collected and
analyses performed for calcium carbonate retention using standard EDTA titration techniques.

30 ~ Table 1 lists the performance of each microparticle with respect to filler retention.

T STt e e L T



containing yttriumsilicate mcroparticles. Chem cal analysis on the
.resulting precipitate by x-ray fluorescence reveal ed the

predom nate product to be Y[err]Si[err](err]. 25

EXAMPLE 8 - Copper Alum nosilicate ' To a 200 m beaker
equi pped W o emivasnetic stirrer was added 50 grans of a 0.PCT/HSEI7907
aqueous solution of CuC[err]2H err] O Wi stirring the previously
descri bed solution 20 grans of 30 0.1 | al aqueous sol ution of
Allerr](SOerr])[err], was added. After stirring one mnute 100 grans of a
WO 97/ 17289
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0.1 nol al aqueous solution of Na[err] Si%H[ err] O was qui ckly added.

The slurry was stirred for an additional one mnute after which the
reaction term pated. The reaction resulted in°§ﬁ50£é{i . bl ue
slurry co\rll\gﬁgﬁp-?@-ﬁ&]e preci pitated copper alum no t particles.
Chem gal apglyyfer only by x-ray fluorescence reveal ag t he predoni nate
product to_be QU_[EI‘M err]Si[err]Jerr]. 5

EXAVPLE 9 Zing; Silicate (Bx.n®si | i cat e Si xty-five (65) grans of
a 0.1 nola lg4t i on of ZnCl[err] was added to g 200
rn'IIiIiterhtgga g%aﬁu’gpjged with a magnetic stirrer. While stirring the

pr evi ous| y CopperrSilicate (Bx. 4) sol ution twenty (20) granms &8 a 0.1 nol al
aqueous so L ON. Of:1: 1A err])[err], was added. Agqter
stirring o?&gh&ﬂm%m%%n‘ér ed (100) grans of a 0.1 nolal aqueous sol ution

of Nalper r | Bafthenurh Sili¢ate (Bx06) was qui ckly added. SEhe slurry was
stirred fo&an aggltm@l_?gne mnute after which the regction was
t er m nat ed.X SRR PRiFALE sulted in a cloudy. white sllirry containing the

preci pi t at @dppérnAluminosilicaté@ (Exi8posi | i cate microparticl e product. Chem cal
anal ysis by, ,x-ray flugrescence reveal ed the 15 predapd nat e product to be
bise SbabolrGs 7825 R

Zn[err] Al [ yRmp
EXAMPLE 10 Hy drSdof® O ®entonié 69
15 PSM-Particol® B. Silica microgel (2#/Ton) . 55

For each experiment the polymer flocculent was dosed at 1 1b/ton and the microparticle
was dosed at 4 1bs./ton.
EXAMPLE 11
20
Fifty (50) grams of & 0.1 molal aqueous solution of sodium meta-silicate (Na,Si0,-SH,0)
was added to a 200 milliliter beaker equipped with a magnetic stirrer. While stirring the
previously described solution, 35 grams of a 0.1 molal aqueous solution of Na,PO,-12H,0 was
added. After stirring one minute, 80 grams of a 0.1 molal aqueous solution of ZnSO,-7H,0 was
. 25 quickly added. The slurry was stirred for an additional one minute after which the reaction was
terminated. To another 200 ml beaker equipped with a magnetic stirrer was added 50 grams of
a 0.1 molal aqueous solution of Na,SiOySH,0. While stirring the previously described solution,
12.5 grams of 2 0.1 molal aqueous solution of Na,B,0,:10H,O was added. After stirring one
minute, 80 grams of a 0.1 molal aqueous solution of ZnSO, 7H,0 was quickly added. The slurry
30 was stirred for an additional one minute after which the reaction was terminated.



Products of exanples 2 through 9 were evaluated as mcroparticle retention
ai ds using 20 standard Britt Jar techni ques as descri bed hereinafter.
Commercial |y available mcroparticle retention aids (Allied

Col | oi ds’ Hyd‘w)cg%éé;r] O bentonite and PSM Particol [err] Bpcoiuséeeer

m cr ogel ) re used as controls The paper furnish used was a bl end
of 60% hardwood kraft and 40% sof twbBd-kraft and was filled with
30% precipitated cal ci um carbonate. The total furnish solids wer e
0.5 wei ght percent consistency. The furnish had a neasured pH of 8.5. A

pol ymer 25 flocculent, Allied Colloids' Percol[err] 175-polyacryl am de
(a medi um ol ecyheEbdVal @ktions Adsuldi & cloudy, whna@iwaesrwnmﬂ )mic Wd%&&s

the furnish and the stir_rate was increased to 2000 rp ter
seconds t hef 3nephosphateglicatecand: zing baryostlicate, respeatvely. 1Me@maeamnle was then

m croparti glafudi&d B '?madx?enments undét@endHoEidential ﬁ%@@ﬁﬂé@gfﬁxmﬂﬂg 102 The

was drai ned and the first was col l ected and ses
performed fesultscof desenevaluationsaare listedgntTable 2isi ng st andard EDTA titration

t echnicques. 30 Table 1 lists the performance of each mcroparticle with
respect to filler retention. WO 97/ 17289

PCT/ US96/ 17907 _ TABLE 2 - 14 -
TABLE 1 M croparticle - %
Filler Retention 5 Pol ymer only - -

16 gmp_@p_u;cat e (Ex. 2) % Filler ion 75
Iron Silicate 64

Copper Si | PRI (’@( 4) : 18 63

Zi rcom um Sinki a&pha{oEmcatE)(ex 10) 65 67 10

Lant hanum Si | i cat e (Ex. 6) 52

Yttrium Si F’PE&P@“{SE}@‘W?@X 10) 55 63

Copper Aluminosilicate (Ex. 8) 67

The polymer flocculent was Allied Colloids Percol® 175 (cationic medium molecular
weight polyarcylamide) dosed at 1 Ib/ton. The microparticle is dosed at 4 1bs/ton.
15

EXAMPLE 12

The products qf Examples 2 through 7 were evaluated as microparticle retention aids

using standard Britt Jar techniques as described in Example 10, but using a clay filled acid paper

20 making furnish. The papermaking furnish consisted of a kraft fiber blend of 60 percent hardwood

and 40 percent softwood. The papermaking furnish contained 30 percent calcined clay

{Ansilex®, produced by Engelhard Corporation) and total furnish solids was 0.5 percent. Allied
Colloids Hydrocol® O bentonite was included as a control.

25 The polymer portion of the retention system consisted of Allied Colloids’ Percol® 368
DADMAC coagulant and Percol® 17S polyacrylamide flocculent. The Percol® 368 was required
to neutralize the highly anionic clay. Retention aid dosages for all runs were 2 Ibs./ton, 2 1bs./ton
and 6 Ibs./ton for the Percol® 368, Percol® 175, and microparticle respectively. The results of

_ the evaluations are listed in Table 3.



Zinc Alumnosilicate (Ex 9) 71

Hydrocol [err] O bentonite 69 15

PSM Particol[err] B. Silica mcrogel (2#/ Ton) 55

For each experinment the polymer flocculent was dosed at 1 | b/ton and the
m croparti clwo9rir289 was dosed at 4 | bs./ton. PCT/US96/17907
EXAMPLE 11 20 : Fifty (50) gra of a 0.1 nolal aqueous
solution of sodiumneta-silicate (Na[err]SrJ érr]5H err] O was
added to a 200 mlliliter beaker equipped with a nmagnetic stirrer. Wile
stirring the previously described solution, 35 grans of a 0.1

‘mol al aqueous solution of Na[err]PJerr]12H err] O was - added. After
stirring one mnute, 80 granms of -a 0.1 nol al aqueous sol ution of

ZznSO err]7H err] 0 was 25 qui ckly addgpgkleBre slurry was stirred for an
additional one mnute after -which the reaction was termnated. To
anot her 200 m beaker equipped with a magnetic stirrer was added 50 grans
of a 0.1 nolal aqueous solution of Na[err]SiJerr]5Herr]O Wile
stirring the previously described sol ution, 12.5 granms of a 0.1
nol al aquadisEorasticlei on” of Na[err]B[err]Qerr] was¥:ofiEillenRetentioni rri ng one
m nut ¢, S?wgarrs of a 0.1 nolal aqueous solution of Zn err]7H err] O was
qui ckly added. The slurry 30 was stirred for an additional one mnute
af t er whi c#in¢e Sdicaten(Ex. @) was t er nmi nat ed. 63 WD 97/17289
PCT/ US96/ 1,790&-1. 15 -
The abovejlf‘znagmcaﬁs@‘egell ted in cloudy, white slurries 8%nt ai ni ng '
m cropar t i Coppep Silidatd Ex. 4) of zinc phosphatosilicatesand zinc

boratosiligate, r ectiyely. Each mcroparticle was th eval uat ed
in Britt F%%ﬁ@ﬁf#ﬁ er conditions identical to ?gose listed in
Exampd e 10LaniKdBum Silicatd @t/6y s Oof these eval uations aregqgi sted in Table 2.
S . - TABLE 2

Yitrium Silicate (Ex. 7) 59

H_ydrocolOO bentonite ra!

EXAMPLE 13 - Water Clarification
15 .

A 10,006 gallon reservoir of water with solids in suspension is dosed with 0.1 to 10
pounds of a polyacrylamide flocculant. Such dosing can be performed by mechanical mixing or
injection of the flocculant with singular or multiple points of injections. Additional agitation
could be performed. The zinc silicate product of Example 2 is then added to the reservoir at a

20 dosage of 0.1 to 10 pouni!s. Additional or continuing means of mixing or dispersion can be
performed. Flocculation of the solids in suspension occurs. The flocculated solids are allowed
to settle and the solids in suspension with the water is reduced.

The procedure herein is performed using separately, or in combination, the products of
Examples 2 through 9.

25 The foregoing description has been provided for the purpose of illustrating the preferred
embodiments of the invention. Such illustrations are not to be interpreted as a limitation of the

scope of the present invention.




M croparticle % Filler Retention

E;PLZnELogBLét osilicate (ex. 10) “!Illlclml!_"“l“"["”!ll 65 e %?nc

55

borat osi li cat 0) :

The pol yner fl oc% ént was Allied Colloids Percol[err] 175 (ca i’UgH?’}:”ur?edi um
nmol ecul ar wei ght pol yarcyl am de) dosad at 1 I b/ton. The

m croparticle is dosed at 4 I bs/ton. 15

EXAMPLE 12 The products of Exanples 2 through 7 were

eval uated as mcroparticle retention aids using standard Britt Jar

t echni ques as described in Exanple 10, th _1_5%'519 a clay filled acid paper
20 maki ng furni sh.. The papermaki ng furnish consisted of a kraft fiber

bl end of 60 percent hardwood and 40 percent softwood. The
paper maki ng furni sh contai ned 30 percent cal cined cl ay
(Ansi | ex[erid], prochmpsition dEmprising the Podpa pedcipitaled im thetadiniking of 2iselubsOmieth$ salt

was -0. 5 per ied L1 oids drocol [ err .bentoni te was

el Uded as 558 bas Pl o campounds Baving'h SSimpen 35t ol oicsies, Phossbuits ansbortes.
systemSconsi sted of Allied Colloids'" Percol[err] 368 DADMAC

coagul ant apd Pecgol [err]..175,.pol yacryl am de floccul ent . The Percol [err]

368 was rqu1 redl:r(l‘:‘e ‘me°%‘3°ﬂ8fjfwﬁz Q’ﬂ@q‘ﬁﬂﬁ\“ﬁ"éﬁ‘ﬁ?&f’é“d}‘%}ﬂ salf1ssatected from:
ai d dosages for all r pefylNGhEmdgresiun, c@Riuny, strbftivnh,idd barium; and 6 | bs./ton
for the Percol[err] 368, Percol[err] 175, and mcroparticle respectively.

The results of b the, first Jransition sMtiesiare |isted in Table 3.
WO 97/ 17289

PCT/ USQ6/ 17907 & he second transition series; - 16 -
: 10 d.  lanthanides;
e. the third transition series;
f the actinide elements; and
g8 aluminum, zinc, gallium, cadmium, germanium, indium, mercury, tin, thallium,
antimony, lead, bismuth and polonium.
15
3. The composition of claim 2 wherein the product is represented by an empirical formula
selected from the group consisting of
M(I).Al,Si,P,'Om...,,.,,.,”g; M(D),ALSL,B. O swet.sxeaye1.50
M(I)-M(n);Sigo(omi Ma)-M(n)xAIySigo(uwmupm;
20 M(I).M(II).SI,P O0swinsaysa s Ma)-M(n)xSinzo(om:m.sn;
M(@@) M), Si,00 sws050x022% M0, M), ALSi, O sws0 sexe1sye20
M(I).M(II;),Si,P,OM.‘,,,,,_,,,; M), M(II),Si,B,Op susosexs2ys1.505
M(D.M{V),Si,00 w1 sx0205 M(D).MAV),ALSi, O sws1.5x01.5702095°
M), MAV),S1,P,0 sp41 5m02p02505 a0d MIO)MAV),SL,B.00 swe1 sx02ye1.525
25 ' :

wherein M(T) is hydrogen, lithium, sodium or potassium;

Al is aluminum; Si is silicon; P is phosphorus; O is oxygen; B is boron;

M(I) is magnesium, calcium, strontium, or barium; '

M(II) is a transition metal of the first, second or third series or the actinides;
30 M(IV) is a metal of the lanthanide series;

a is the valency value of the M(III) metal;
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Tabl e 3
Filler Retenion 5

M croparticle ' % of

& asiace (e 2 (I ALN 63
3) £ ¢ L K s = 59

lron Silicate (Ex.

Copper Sil i cawe® 7aEz2se) - PeTnus96r17907
Zirconium Silicate (Ex 5) . 18 - 65 10

Lant hanum Silicate (Ex 6) 46
Yttrium Silicate (Ex 7) 59
Hydrocol [err] O bentonite 71

EXAMPLE 13 - Water

Clarification A 10,000 gal l on reservoir

of water wiW s ayrlugdo balancesthe elsction Mgeﬂem mheovaluesof o y and z, pounds of

a pol yacr y'aﬁﬁ‘x?? H‘PEE'H &3 o@%ﬁ"ﬂﬁﬁ% ALY e IR Bhanl cal

n1X|ng or I njec

si hgular or rrult i ple

points of injections Additional agitati on coul d be perforned. The

zinc S|I|ca4te pr.
dosage of 0.1 to

F s SRy oniﬁéﬂq‘?& 8‘%%?%’8; Seld o Pengeli

di sper$i on G, bZnCl,, ZnSOR Fef(SOP5EZrOBHCYCl,qtLiadh, eﬁd (NH.)g(Dé(Sdﬁ),l n

suspenS|on occurs.

The fl occul ated solids are all owed to settle and

the solids in suspension with the water is reduced. The
procedure fgrei MHeScolfpfokitio e emmrsgwa&eﬁ.rﬁ& Sdliible Methl saR 9 BEIEGAEH Pom niignesium,

products of,

Exanmpl es 2 through 9. The foregoing

descri pt i orif¥a SORRES iR, Girconium; mmméap@me%ﬁemmust rating the preferred
enbodi nents of the invention. Such illustrations are not to be interpreted

as a limtation of the scoeof the present _invention. ) 17
10 6. The composition of claim 5 wherein the silicate is an aluminosilicate, an

aluminophosphatosilicate, or an aluminoboratosilicate.

7. The composition of claim 1 wherein the silicate is prepared by the reaction of a2 meta-

silicate.

15 8. A method for controlling drainage and/or retention in the formation of a paper matrix

comprising the steps of

M

20 @
3)
4)

25
&)

admixing a first amount of a soluble metal salt and a second amount of one or
more components selected from silicates, phosphates and borates, to form a
reaction product;

admixing the reaction product, a polymer, and a paper fumish to produce a
modified paper fumish;

-retaining and/or draining a portion of the modified paper fumnish on a paper

machine wire to form a paper matrix;

measuring the amount of retaining and/or draining of the modified paper furnish
as the paper matrix is formed; and,

on the basis the amount of retaining and/or draining, adjusting the first amount of
the soluble metal salt and/or the second amount of the one or more components
selected from silicates, phosphates, and borates to effect a desired change in the
amount of retaining and/or draining.
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CLAI M5 1. A conposition conprising g the i croparticle product
precipitated in the adm xing of (u“mmmﬁlmuﬁalt and one or nore
conpounds havi ng a conponent sel‘mﬂn tes, phosphates and
horates wherein the ygroduct S rep‘re§ent“ed by an enpi ri cal {, ,UFJ@

er err]

selectedfroﬁ’?"t"@l up consisting of MI)[err]MII)[err]Si
MIl)[rer]MI1I)[e ] [err]Si[err]derr] MAY[-err]MIIl)[err]Si[err]P[err]O
[err] I\/(I)[err]I\/(II)[err]Si[err]B[err]qerr]
I\/(I)[err]l\/(lII)[err]Sl[err]Qerr]

MI)[err]MIlI)[err]Al[err]Si[err](err]

M) [err] M1 1) [ Ehe histHoak of Etpim 18] Ehéreinr the reaction product of step (1) is milled or dispersed
I [ || Si[ I I SiyP
MI%%E”MV% k\le‘gﬁgﬁe”"}ge%] Ml)[err]MIV)[err] |y-[err]qerr]
MI)[err]MIV)[err]Si[err]P[err]Jerr] and - o
71 O PG P e 5 o AR R R

oxygens B igdniginof th¥lrkdctioh prodgpesi um cal cium strontium or barium
MIIl) is atransition netal of the first, second or third series or the

actinides; MIV) is a netal of thelanthanlde series; a is the valency

val ue of thﬁ M Nﬂxeﬁﬁa?& mmﬂgs,gﬁeyggm Helsppess t he el ection charge

created by the val ues o
1) admxxmg a first amount of a soluble metal salt and a second amount of one or
more components selected from silicates, phosphates and borates, to form a
10 " reaction product; and o
(2) admixing the reaction product and water comprising a polymer to produce water

comprising floccule.

12. The method of claim 11 wherein the product is represented by an empirical formula -
15 selected from the group consisting of ‘

M(D),ALSLP. O spriseiayasy M. ALSE,B, O swe1.see2ye1.505
M(DvM(n):Sizo(owz;); M(I)-M(H);Al,Sigo(osmu Sys2s)
M(@), M), SiyP,O o sweneaysasan M(D),M(),S1,B,0p.swexs2ys1500
M(T), M), 51,000 sw+0 50205 M(T) M), Al Si,00 sws0.50x01.57+2235
20 M@, M),Si,P.Opsmosersrpszsy  MODMI),Si,B, O sue0.s0xs201.50
M@ M(IV),Si,00 suws1 500200 M), MAV),ALSI, O sus1.5x¢ 159023

M@.MAV),Si,P,Opsusrseezyersgs and  MELMIV),SLB O swersnezre1 e
wherein M(I) is hydrogen, lithium, sodium or potassium;
Al is aluminum; Si is silicon; P is phosphorus; O is oxygen; B is boron;
25 'M(II) is magnesium, calcium, strontium, or barium;
M(III) is a transition metal of the first, second or third series or the actinides;
M(IV) is a metal of the lanthanide series;
a is the valency value of the M(III) metal;
. w is a value to balance the election charge created by the values of x, y and z;
30 andx,y, and z are each independently a value from about 0.1 to about 10.0.
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and x, y, and z are each iridependéntly ‘a value fromabout 0.1 to about

10. 0. 2. The conposition of iy the netal salt is
selected from MCl[err], FeCl|er r“"lmmml,mmlﬁmlil[ err], ZnSgerr],
Fe[err](SOerr])[err], ZrOC[err]2; YCl['er™, $La€l[err], and

(NH[err]) 2Ce(®O[senrisd[err] . 18 PCPIUS96/17967C
conposi tion of claim1, wherein the sol ubl tal salt is selected from
magnesi um iron, copper, zinc, zirconium yttrium |anthanum and cerium
4. The corrposition of claim 3, wherein the silicate is an

alum nosilicate, an al um-nophosphatosilicate, or an al m noboratosilicate.
5. The conposition of claim1, 2, 3 or 4, wherein the silicate is

prepared ¥3y t hﬂle metotiofrelaf H frthas comprising the steps of
3) provxdmg the sedimentation of the floccule in the water to produce clarified water;

and/or
(4) filtering the water comprising the floccule to effectively remove the floccule.
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B - = "The conposition of claim1, which conprises sodiumzinc silicate,

z: nc sil : cate, copper sili cat;a S;)dl umtt2| rconi ylm Si ![ icate, coppqg 02b 03 -
al um nosilic ilicate, yttriumsilicate or zinc

al um nosi | i CEIMI "II“r“"ﬁllmrI"Trret hod for controlling drainage and/ or &—TW\P g
“retention in the fdrmfti dn of a paper wmtrix conprising the steps of L?\ﬁ{,
(1) adm xing a first anount of a soluble netal salt and a second ano

of one or nore corrponents selected fromsilicates, phosphates, and
orma mcropaiticle readCLkABMSpr oduct havi ng the formul a

M1)[err] I\/(I]Ic)[err]Sl [err]derr]
ylerr]MIl)[err]A[err]Si[err](err] _
ylerr]MII)[err]Si[err]Plerr](err]

g % g; ; % M :1: ? g [eert\;dr : ot@igfk]lég@ iél%‘l% q&er&ucrdwafﬁcﬂ@ﬁrbha& btdcigifatddlipiier 1] A err]
g { :{ { % M H‘u -Sl 1 % o?lgfrlér 13 r% %de(fn@]or more compounds having a component
g % g; ; % M Q\%t{t%t{ H) Slsﬁ e}s,é{ o8 rl‘la%earg}i }o])rates wherein the product is reprgsented by
) ) bl P o onsising o
M@D)wM(IID),S1,0 5w+x+22)s MI)wMIDxAlySi;O0.5wx+1.5y+22)s
U, M(DwM(ID)SiyP.O(0.swx+2y+2.52)s M(I)wM(ID)xSiyB,O0.swix+2y+1.52)
M@DwMIIDxSizO0.5w+0.5ax+22)» M(I)QM(IH)xAlySizO(o.swm.saxﬂ.sy+zz),
M(DwMII),SiyP,00.5w+0.5ax+2y+2.52)s M(D)wM(I)SiyB,0.5w+0.5ax+2y+1.52)»
M(I)WM(IV)xSinzO(o.sw1.sg+zz_), M@DwMAV)xAlySi; O 5w+1.5x+1.5p+22)s
M@DwMIV),SiyP, O sw+15x2y12.525 and  M@DwMIV)xSiyB,O(0.5w+1.5x42y+1.52);
wherein M(J) is hydrogen, lithium, sodium or potassium;
Al is aluminum,; Si is s__ilicon; P is phosphorus; O is oxygen; B is boron;
M(II) is magnesium, calcium, strontium, or barium;
O | M(II) is a transition metal of the first, second or third series or the actinides;

M(IV) is a metal of the lanthanide series;
a is the valency value of the M(IIT) metal;
w is a value to balance the election charge created by the values of x, y and z;

and x, y, and z are each independently a value from about 0.1 to about 10.0.

2. The composition of claim 1, wherein the metal salt is selected from

MgClz,FeC13, CuClz, ZnClz, ZnSO4, Fez(SO4)3, ZI'OClz, YC13, LaC13, and

(NHg)2Ce(SOq)s. REPLACEMENT SHEET

27 APR 1999




(2) - adm xing the reaction product, a polyner, and a

produce a WDWI sh; (3) retain r\:ﬁgﬁ@i‘hﬁmﬁst{éﬁ g a
portion of the nodi rl furnish on a paper maching wire to form
paper matri “““ “‘\“! measuring the anount of refal nigmy ARRI999
drai ni ng of i'eedl paper furnishi@s the paper t{ix is forned;} and,
(5) on the* baS|s the anobunt of retaining and/or drai i fgr—adjustiing th
first anount of the soluble netal salt and/or the sec¢nd ampunt of the bne
or nore conponents selected fromsilicates, phosphates, and borates to

effect a desired change in the amount of retaining and/or draining. 8.
The njethod &f cl Thewdmpositimeifielind, whari 18 sawl@uﬁétalcsﬁltﬁsé&c{ea)ﬁdrﬁ mlled
or i spersed before admi xing with the paper furnish. : The net hod

of cljai m 7 megifesium)eroni oppbf zie)] hift%mﬁ{'gtﬁﬁﬁi %ﬁ%ﬁmk%g ﬁﬁe?ﬁ adm xed

bef orje the adm xing of the reaction product od as cl ai ned
in cllaim7, wherein said mcroparticle reaction product is sodium zinc
silicate, zinc sili cate, copper silicate, 'sodiumzirconiumsilicate, copper

4, The composition of claim 3, wherein the silicate is an aluminosilicate, an

aluminophosphatosilicate, or an alminoboratosilicate.

5. The composition of claim 1, 2, 3 or 4, wherein the silicate is prepared by the |

reaction of a metasilicate.

6. The composition of claim 1, which comprises sodium zinc silicate, zinc
silicate, copper silicate, sodium zirconium silicate, copper aluminosilicate, lanthanum

silicate, yttrium silicate or zinc aluminosilicate.

7. Amethod for controlling drainage and/or retention in the formation of a paper
matrix comprising the steps of

(1)  admixing a first amount of a soluble metal salt and a second amount of
one or more components selected from silicates, phosphates, and borates, to form a

microparticle reaction product having the formula

M(DwM(I):Si:00 swhxt2z), MOwWM(IDALSE, 00 swet.sy+22
MDwM(IDxSiyP.O0.swixt2y+2.52), M@DwM(ID)SiyB O swix+2y+1.52)s
MD)wM(IID)xSizO.5%+0.5ax+22)s M(DwM(ID)xAlySi;O0 sw+0.58x+1.5y+22)s
M@DwM(ID)xSiyP,O.sw+0.50x+2y+2.52) M(DwM(IID),SiyB;O 0 5w+0.5ax+2y+1.52)

MDwM(IV)xSiyP2O00.5w+1.5x+22) M(DwM(IV),AlySi;O0.5w+1.5x+1.5y+22)



alfum nosi i
aI um nosi | i

adm Xing. a

or nore corrponents sél edtel fromsilicates, phosphat es, and]borates, to
forma mcroparticle reaction product, having the forml

err] M

M
M
=rr]|\/(
err] M
brr] M
err] M
err] M

err] M

T8 XXXXXXXXXKXX

co————— ——— - -
ocr—u—u—u—u—u—u—u—u—u—u—

O Qo

| e.

cate | ant hanum silicate, yytriumsilicate or
cate. . A method for treating water co %P%Lﬁ'he sﬂ%qgg

“"Ilum!lulll”ﬂlu lIIL soluble netal salt and a ggc ng ap_TpLKFleéggg .o1e

I1)[err Sl[err]CIerr]

IS RA N 5B [ 2y, 50 T | M(DwM(IV)xSinzO(o.sw1.5i+2y+1.5z);
err]Sif[err]Plerr](err]
e@)] Si gdthising] thg evaction Mﬂﬁdt,eurpdl%éﬂ bod £padeilrfishkéT er r]
[err]Al[err]Si[err]Jerr]
err]Si[err]Blerr] qerr]

[
efsn] Si sLekr } ] _
e?p] Al g‘{ruﬁl LJF e{)llr s *ra} portion of the modified paper furnish on a

|
|
|
b
|
|
Mg‘% %ﬁ‘l’{’vg 3‘}’@{'&‘:}%{” Lﬂ'x;and (2) admi xi ng the rea;tion

Ct and wat e{4)co risi.ng_a polymer to, produce water_ conprjsing

easuring the amount of retaining and/or draining of the modified
paper furnish as the paper matrix is formed; and,
(5)  onthe basis the amount of retaining and/or draining, adjusting the first
amount of the soluble metal salt and/or the second amount of the one or more
components selected from silicates, phosphates, and borates to effect a desired change

in the amount of retaining and/or draining.

8. The method of claim 7, wherein the reaction product of step (1) is milled or

dispersed before admixing with the paper furnish.

9. The method of claim 7 or 8, wherein the polymer and the paper furnish are

admixed before the admixing of the reaction product.
10. A method as claimed in claim 7, wherein said microparticle reaction product is
sodium zinc silicate, zinc silicate, copper silicate, sodium zirconium silicate, copper

aluminosilicate, lanthanum silicate, yytrium silicate or zinc aluminosilicate.

11. A method for treating water comprising the steps of



12.: » Tkhe ne-t—heel——ef—c—l—&i—m—]ﬂ.—,—if—urther conprising the steps of (3)
proyviding the s ntatlono t he floccule in the water to produce

clarified vvatHllM |"I JU"L (4) -filtering the water conprising the
floccule to € th floccule 13. A met hod as cl ai ned
in claim1l or 12, wherein sai d! m cropaoticle reaction product is sodi um

zinc silicate, zinc silicate, copper silicate, sodiumzirconium silicate,

coppgr alumnosilicate, lanthanumsilicate, yttriumsilicate or zinc
al umithosilicate (1)  admixing a first amount of a solublé metal salt and a second amount of

one or more components selected from silicates, phosphates, and borates, to form a

microparticle reaction product, having the formula

M@D)wM(I)xSi,00 5w+x+22)s : M@)wMIDxALSi, O 5wxt1.5v+22)s
MDwMAD)xSiyP,O0(0.5wx+2y+2.52)s M@D)wMIDySiyB,O0.5wtx+2y+1.52)
M(DwMII),Si;0(0.5w+0.5ax+22)s M@)wM(I)xAl,Si;O0 5w+0.5ax+1.5y+22)s
M@DwM(IID«SiyP,O(0.5w+0.5ax+2y+2.52) M(DwM(ID),SiyB,O(0.5w+0.5ax+2y+1.52)s
U M@D)wM(IV),SiyP,O.5w+1.5x+22) M@DwM(IV) AlySi;O.5w+1.5x+1.5y+22)

M@ODwMAV)xSiyP,O.swiisxizgizsz; and  MDwMIV),SiyB,00.5w1.5x42y+1.52);
(2)  admixing the reaction product and water comprising a polymer to

produce water comprising floccule.

12.  The method of claim 11, further comprising the steps of

(3  providing the sedimentation of the floccule in the water to produce
clarified water; and/or

(4) filtering the water comprising the floccule to effectively remove the

floccule.

13. A method as claimed in claim 11 or 12, wherein said microparticle reaction
product is sodium zinc silicate, zinc silicate, copper silicate, sodium zirconium

silicate, copper aluminosilicate, lanthanum silicate, yttrium silicate or zinc

aluminosilicate.
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