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PAPERMAKING PULP AND FLOCCULANT
COMPRISING ACIDIC AQUEOUS ALUMINA SOL

BACKGROUND OF THE INVENTION

The present invention relates to papermaking pulps, papermaking processes
employing the pulps, and paper and paperboard produbté made ﬁdm the pulps. More
particularly, the present invention relates to treating papermaking pulp with at least one
microparticle-containing retention aid system.

Microparticles and other particulate materials have been added to papermaking pulps
as retention aids. For example, U.S. Patent No. 4,798,653 to Rushmere, which is
incorporated herein in its entirety by referénce, describes a papermaking stock including
celiulose fibers and a two-component combination of an anionic polyacrylamide and a
cationic colloidal silica sol.

One problem with microparticle sols that have been em ployed in papermaking pulps
has been with instability. Because of the instability of sols used in connectio.n with
papermaking pulps, the sols are often made on-site for immediate delivery to a papermaking
process. A need exists for a stable microparticle sol retention aid for use in papermaking
processes which can be formed 'off-site, exhibits a long shelf life, and can be shippedto a
papermaking plant for immediate or future use in a papermaking process.

A need also exists fora papermaking pulp that exhibits even better retention of fines
and even better resistance to shear forces during a papermaking process. A need also exists
for a papermaking pulp that produces a paper or paperboard product with improved strength

characteristics.

SUMMARY OF THE INVENTION

Omne embodiment may relate to the use of an acidic aqueous alumina sol as a retention aid for

a papermaking pulp or stock. The acidic aqueous alumina sol may preferably
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The acidic aqueous alumina sol used in the papermaking pulps can also be used,

according to embodiments, for the treatment of waste water streams and textile dye streams.

A first aspect of the present invention provides a method of making paper or
paperboard comprising:
a) mtroducing at least one acidic aqueous alumina sol to a papermaking pulp to form
a treated pulp; and
b) forming the treated pulp into paper or paperboard.

A second aspect of the present invention provides a paper or paperboard made

according to the method of the first aspect.

A third aspect of the present invention provides a papermaking apparatus comprising

a supply of an acidic aqueous alumina sol, 2 supply of a papermaking pulp, a device for

feeding acidic aqueous alumina sol from the supply of acidic aqueous alumina sol to the

supply of papermaking pulp to form a supply of treated pulp, and a device for forming the
treated pulp into a treated paper or paperboard.

A fourth aspect of the present invention provides a paper or paperboard made from

a drained paperweb, said paperweb comprising cellulosic fibers and an acidic aqueous

alumina sol.
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that are preferably elongated from about 50 nm to about 300 nm in only one plane and are

preferably formed by edge-to-edge coagulation of rectangular plate-like primary particles
preferably having a length on one side of from about 10 nm to about 30 nm when observed
through an electron microscope.

Preferred stable acidic aqueous alumina sols of this type can preferably be made by
various processes. An exemplary process includes the steps of: (A) adding an alkali to an
aqueous alumina sol containing fibrous colloidal particles of an amorphous alwinina hydrate |
to produce a reaction mixture having a pH of from about 9 to about 12, (B) subjécting the
reaction mixture obtained in step (A) to a hydrothermal treatment at a temperature of from
about 110° C to about 250° C to produce an aqueous suspension coritaining an alumina
hydrate having a boehmite structure, and (C) desalting the aqueous suspension obtained in
step (B) by adding water and an acid by ultrafiltration to form an acidic aqueous alttmina sol

having a pH of from about 3 to about 6.

According to another exemplary process, a stable acidic aqueous alumina sof can be
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resin to the aqueous suspension obtained in step (b) to form an acidic aqueous alumina sol

having a pH of from about 3 to about 6.

According to yet another exemplary process for producing an aluminate hydrate
having a boehmite’ structure and a stable acidic aqueous alumina sol containing elongate
secondary particles which are glongatcd from about 50 nim to about 300 nm in only one
plane and formed by edge-to-edge coagulation of rectangular plate-like primary particles
having a length of one side of from about 10 nm to about 30 nm when observed through an
electron microscope. The process comprises the steps of: (A") adding an alkali to an aqueous
alumina sol containing fibrous colloidal particles of an amorphous alumina hydrate to
produce a reaction mixture having a pH of from about 9 to about 12, (B de.salting the
reaction mixture obtained in step (A") by adding water by cake filtration to form a desalted

* reaction mixture having a pH of from about 9 to about 12, (C'") subjecting the desalted
reaction mixture obtained in the step (B") to a hydrothermal treatment at a temperature of

from about 110° C to about 250° C to produce an aqueous suspension contaifing an alumina
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m croscope. The process conprises the steps of (A') adding an alkali to an
agqueous acidic aqueous alumina sot is added in an amount of at least about 0.05 pound per ton of

paperstock, based on the dried solids weight of both the sol and the paperstock or pulp, and
more preferably in an amount of at least about 0.2 pound per ton of paperstock. Even more
preferably, the acidic aqueous alumina sol is added in an amount of from about 0.3 pound
per ton of paperstock to about 5.0 pounds per ton of paperstock, based on the dried solids
weight of both the sol and the paperstock. The acidic aqueous alumina sol may preferably be
‘added in an amount of from about 0.01% by weight to about 0.5% by weiéht based on .the
dried solids weight.of both the sof and the paperstock or pulp. For purposes of this patent
application, the terms “pulp", "stock", and “paperstock” are used interchangeably.

The acidic aqueous alumina sol retention aid in accordance with the present
invention can be added before or after significant shear steps in the pépermaking process.

Preferably, the retention aid is added after the machine chest or stuffbox if the papermaking



al um na so! containing fibrous coll oi dal. particles of anlozlngg,gmﬂg al um na
hydrate to (F (?rﬁgfqe a reaction mxture having a pH of fr to about
a

12, (B) des "the reaction nixture obtained in stepP{RUOIBG07Addi ng
water by cake filtration to forma desalted reaction m xture having a pH of
fromabout 9 to about 12, (C ) subjecting the desalted reaction m xture

obt ai ned i n sydten mtledes@Biaphitexhest Mr@%thﬁb&@lcgoﬁiﬁlgegﬂgn gmteg rature of
fromabout 110 C to about 250 C to produce an ueous pen5| 8 cont ai ni ng

an al uni na \AGhiéved 887 Gﬁerﬂihc?acmégé’&ﬁé‘alfnﬂi Hﬁ@%ﬁcﬂeﬁ%g theJast Q%ngﬁ haV| ng a

boehm te structure, and (D) adding an acid to the aqueo iy %aﬁsmn
obt ai ned i n stehin tisdpaperfnblling RockRI PreRALH Ghebbfa; QH&QHﬂurﬁihH& ﬁ! dsegLﬁhaw ng a pH

of fromabout 3 to about 6. According to yet ‘anot exel ary PPocess for

produci ng a phiygbricomueRt faabdeRdans the siigRliGaA%H ik na sol the
process conprises nechanically di spg?s?ng the Sésa%églgﬁﬁé‘aﬁt& ears‘éf’d@

al um na sot tiephgrpsddprosldy one of the above exenplary processes and
concentrating the sol. Exenplary stable acidic aqueous al um na sol s that

can be used as rEte@aichBikindipdip of fock 3GORLAARE Snhil, P nt |nvent| 0”
and processes for nmaking the sanme, are 'gaclacrlnbedhry J(;'r?nd %E%gml' fn

Pat ent No. Eqr%&eﬂﬂlﬁsetfmer\i‘&mh&c[in@&@nﬁﬁluﬂlata’com}l&ﬂloh of ﬂr&'g’r%l z?t'ie%st her el n in.
its..entirety by reference. The acidic agueous alumna so 2 added i n

any ‘anount 5@ by eéighbastdon thazbandeied R8ds b BEHOI en.tne pul p or
stock is forned into a wet sheet or wé'b Pr ef eﬁha %rf% d%km{a%cﬁ@altgnaqueous

al um na sol b¢ sidedidetiny diffeentaeseHpaimAdng RS Lt b per ton of
paper st ock, based on the dried solﬁg V\l}eglp %ts ?)c?{’ ?1191“% ggf'tjp and' t he

paper st ock gpckpuFr, examgle, il @&ﬁoﬁ{pgglvyrggnrhn%r @g}}ggtpu@,f sudb $9last about 0.2
pound per ton of paperstock. Even more preferabll, P& ¢ gqueous

al um na sol stlfge auifi,etdokemua:na BATOMIYd kedft dulp) @Rk ;@aﬁﬁ gﬂg rgse n of
se

paperstock to about 5.0 pounds per ton of papersto e dried
solids wei pips, ofd thedilks. t he sot and the paper st ock. The aci di ¢ aqueous
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wei ght to about TBe &#%ntiyh aidxagbiadbasedle Qi drb@ck in advance of depositing the pulp
or stock onto a papermaking wire, The pulp or stock containing the retention aid has been
found to exhibit good dewatering during formation of the paperweb on the wire. The pulp or
stock also exhibits a desirable .high retention of fiber fines and fillers in the paperweb
products under conditions of high shear stress imposed upon the pulp or stock.

In addition to the acidic aqueous alumina sol retention aid used in accordance with
the present invention, the paperinaking pulp or stock according to the present invention may
further contain another microparticle, for example, a synthetic hectorite microparticle
additive. The ofher microparticle additive can be a natural or synthetic hectorite, bentonite,
zeolite, non-acidic alumina sol, or any conventional particulate additives as are known to
those skilled in the art.

Exemplary synthetic hectorite microparticle additives include LAPONITE available

from Laporte Industries, and the synthetic microparticles described in U.S. Patent Nos.
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in the paperstock, particularly, the surface charges of the cellulosic fines and mineral fillers,

and thereby accomplishes some.degree of agglomeration of such particles.

After the addition of a coagulant, and preferably after the various significant shear
steps of the refining process, a flocculant can then preferably be added, and can include, for
example, a synthetic anionic polymer, or other types of conventional flocculants. A

The aqueous cellulosic papermaking pulp or paperstock can bc.lreated by firstadding
a polymer to the pulp followed by subjecting the pulp to high shear conditions, followed by
the addition of the acidic aqueous alumina so! prior to sheet formation. Any conventional
papermaking polymer can be used. The polymer is preferably a cationic polymer, a nonionic
polymer, or an amphoteric potymer. Ifthe polymer is an amphoteric polymer, it is preferably
used under cationic conditions. The polymer can be, for éxample, a high molecular weight

kA
H



those skilled in the art. Exenplary synthetic hectorite mcroparticle

addi tives igglydeLAPONI TE available from Laporte | nduls{r NB¥, 208hd t he
synthetic mcroparticles described in U S. Patent Nos. WFOUBEHE 1 7 NOV
2004 PCTIUSO /16075 -7- 5,571,379 and _&, 015, 334, which are incorporated
herein in their entireties by reference. If included in the pul ps or

st ocks of t hineproatieuit polyies B biaBthed ipenitdiebife, DEGL bl CLIPAALC! ©

additive can be present in any effective anpun such as ut 0.1
pound per t awplxader, opthp ke BREMplarh BHR thoRBulirei A i i. ds,wei ght ,of both the
additive and the paperstock, to %bogt 2. Olégo{ﬂlﬁgrscag%‘rwl{o%mf?%n‘%ﬁ‘ﬁ@r st ock.
Preferably, stdgeprosysindiaithtte BEGE & dubar bbb @RAkL i in % ded it is
added to the pulp or stock in an anount  of er;tglrrﬁCAée cgh%dlﬁ.l‘gg %ﬁrﬁg(ober ton of

paper st ock t47550lindY,503, P RECRRE bdiPR R ased on the dried
sol i ds weight of both the m croparti gﬁoraﬁﬁgﬁ@?%@ﬁ(%Ar?lsr%'g%x.mr}?"ﬁ”c&ddi tion to

the acidi ¢ aktuesuse athtifolyens&h bk 84aM kRRicakd LOe@ccqrdance with the
present invention, the papermaki ng pul psloor %t'?oc s"ggiz:t%% @Yrﬂeds’ie&'te\fq‘he pr esent

i nvention rbyvefuovidd rthe athdr Polymar GRAAM @Bk et entj qn system
Exenpl ary coagul ant/fl occul ant gyst ens that. ?r)paﬂgl&l%%aigg%fg g‘ﬁrﬁjjef’ﬁ@%ude, for

exanpl e, an propertigeavhievaiaagtiingib ths Yrler®Bivald) (al um na sul phate), or a
cationic starch, or a | ow nolecul ar weight synthetic cationic polyner.

Pref erabl y, the Tioagpmating QMR SoEIMRIALYS char ges. present on
particles in the paperstock, particular Iq?‘%s th‘éégka({"f%glggoné%%gﬁaé@ﬁf)f t he

cel | ul osi ¢ frolymer camgostrion X ehplbyeli |t Sstioni her . li.shes..sonme degree
of aggl oneration of such particles. A?nt!iﬂra t ce a %"li{l?ﬁ%&r%?ra%{y%dg%m ant, and

preferably aheeount feectnas Ripgovs HG@idiaEet et SRBRLF thS J refining
process, a flocculant can then preferably be adge%ju?(p%n argéﬁqtﬂensgﬁnﬁde, f or

exanpl e, a yinbhidiavics arviatonicpopeleypieient. ¥ gcRbBCthe bRGE Ol GUNENLL ON!
(0]

fl occul ants. The aqueous cel | ul osi c papernaking pul p of pa erstotk can be

treated by Pddedin anchdiony of & lqaalalo® 0.05 GodnB Sedibh B faBld: bj.ggting the
pul p to high shear conditions, followed Ey theﬁagééd?étﬁ?%?\&gof’%%ehdgegci dic

aqueous  al uflidaweight ofiratithe fotyrehe@itthelpalp ik pRerabf Y a@&%ﬁﬁ{b¥5t?<fl§klabou9aper maki ng
pol ymer can be used. The polyner is preferably acationic polynmer, anonionic

0.1 pound per ton of paperstock. Preferably, the cationic polymer is added in an amount of

from about 0.2 pound per ton of paperstock to about 2.5 pounds per ton of paperstack, based

on dried solids weighis.

If a cationic polymer is employed or an amphoteric polymer under cationic

conditions, the polymer is preferably added in an amount of from about 5 grams to about 500

grams per ton of paperstock based on the dried solids weight of both the polymér and the -

paperstock. More preferably, under such circumstances, the polymer is added in an amount

of from about 20 grams to about 200 grams, and even more preferably from about 50 grams

to about 100 grams, per ton of paperstock based on the dried solids weight of both the

polymer é.nd the paperstock.

Any cationic polymer or mixture thereof may be used and preférably conventional

cationic polymers commonly associated with papermaking can be used in the pulps or stocks



pol ymer, or an anphoteric polyner. If the polymer is a ? teni C pol yner,
it is prefay@blggssused under cationic conditions. The B'm w ?Q _be, for
exanpl e, a high nol ecul ar weight WD 01/88265 1 7 NOV 20§§ eH/85S 1116075
-8- linear cationic polyner, a branches pol yethyl ene oxide, a

pol yam doam negl ycol (PAAG polymer, or the like. Exenplary high nol ecul ar
wei ght | i neaf theatdseniinvepivhy Beaspland ot holysieR GRelule MRESS hatdingid tabl e for
use in such an enbodi ment are described in U S. Patent Nos. 4,753,710 and
4,913,775, whilafr sarehehatdrcatiodopgiprataaibeRhaicrn, fh ek:hlg:j]é: c@,;agj,ﬁegt dres
byreference. At |east one other polynmer can be used in addition to at

| east one ofactyhaidepith goativsicnmetdrheOvheRBQNEaford h&lRehet 8 1o lRGLuRRY Mer does
not substantially adversely affect the desirable properties achieved
according t or gheerpeaisiort. Nigai-toanininB QHARPSIIEK BY pRRS. Bhesfigsks of the
present invention can contain a cationic polymer conposition. |If enployed,
the cati oni satpolcyrmepmeswhiols ity RojctERIIRAMALY AN efoh bref@Rd RARMAL
effective to inprove the drainage or retention of the pulp conpared to the
same pul p Ipelymbravicig amordogtts thepresepdhyertion, REIBGRMino Iy SRAS Mryliddae cationic
polynmer is preferably added in an anount of at |east about 0.05 pound per
ton of papemstheeklic dsils e dintlykinmesiinietthbr nambaiifs ongiahized forROERerfigy PO! yMer
and:the pulp, and preferably in an anmount of at |east about 0.1 pound per

t on of - papergionicmonenés srdablionic polyecraahide fileinddoiry BREribeSina g @deh N amount
of fromabout 0.2 pound per ton of paperstock to about 2.5 pounds per ton
of paper st 06894, bigeBarondr.det ks dvhtolis idcorpuRit@iterein infits Sntiddy bydBfefenfOl YITET 'S
enpl oyed or an anphoteric polyner. under cationic conditions, the polymner
is preferably adfepblymersnddadhtingy atb b 4 uRaaaiide BrabEiTn dbRoaRiins00 grans
per ton of paperstock based on the dried solids weight of both the polyner
and the papehdt &okxaniys, & trpmesifybaitniium-2AERExyplB N methi SHABH AN RRatd, N POl yITET
is added in an anount of from about 20 grams to about 200 grans, and even
mor e pr ef er &iey efamples @k etitablp olgmansinclide, Bl Qe not Gehied ﬁ,”ﬁomdael?'mh@ ReOf
paper st ock based on the dried solids weight of both the polynmer and the
paper st ock. diallylamine monomers, homopolymers of aminoalkylesters of acrylic acids, and

polyamines, as described in U.S. Patent No. 4,894,119. Co-polymers, ter-polymers, or higher
forms of polymers may also be used. Further, for purposes of the present invention, a
mixture of two or mdre polymers may be used.

When a cationic polymer is used and contains a cationic polyacrylamide, nonionic
acrylamide units are preferably present in the copolymer, and preferably present in an
amount of at least about 30 mol% and generally in an amount of no greater than 95 mol%.
From about 5 mol% to about 70 mol% of the polymer is preferably formed from a cationic
comonomer.

The acidic aqueous alumina sol retention aid used in accordance with the present
invention can be used in conjunction with a polyacrylamide that can be added before,
simultaneously with, or after addition of the acidic aqueous alumina sol retention aid, Ifthe

refention aid carries a cationic charge, an anionic polyacrylamide can preferably be used



Any cationic polyner or mxture thereof may be used and 1pref erabl?l/
conventi on%o(,F/%&pni c polynmers commonly associated with 6:&@%\{@3_@ can be
used in the pul ps or stocks WD 01/8826.5 1 7 NOV 2004 PCTFUSERYHEH175 - 9-
of the present invention. Exanples of-1¢ationic polyners include, but are
not limted to, cationic starches and cationic polyacryl am de pol yners,
for exanpl e,togtipowitingesetaftioanid. dtthy tetdticheaidvtbdriestin Gatohi@ Rpdrse, ARARNRT . Wherein
the cationic nononer naybe in a neutralized or quaternized form

Ni t r ogen- cortolsiaerylaide ednl poufirat| DisH igiiBith R reteoR BRI ¢ 8nic FXGIIRNAMides 1ol | ONi C
nmonomer s whi ch may be copol ynerized with acrylanide to form pre?erred
cationic poleymibedinuaet ubtaid @bt dR&Erdles: 5mu§éﬁﬁ@p&lyaic&yaﬁmei Q5 hdyB Gl ude am no
al kyl esters of acrylic or nethacrylic acid, and diallylam™es in either

neutral i zed msleaqlanieighi Heskesd M 00E0BNRIdASWerabid tHeQREE 25RN9 cationic
pol yacryl am de pol yners are described i ?115 U?rg. liAPgt ent aNo.p @ﬁdgogiﬂ‘%lg to

Baron, Jr., 251008000, Swiabie Anibric pohGesRRIR BistRRIpRpd Md bdpsrsBas] &8&% by
reference. If a polyner is added, it may also ge a pol yacryfiam & formed
from comononetis frdsait invienUn@udeftidse 8%aMAH 1 U.S. Patent No, 4,798,653 which is

1-tri et hyl ammoni um 2- hydr oxypr opyl nethacryl ate net hosul'phate.” O her

exanpl es of isigomEdeherzil iy I lefitirety DG kdfStehce.Dithe &nfhoiddAbn ot il S chle 3
honmopol ynmers of diallylarnine nononers, honopol ynmers of amn a?"kyl esters

of -acryl i c abindssoknda pghpkiyhiiaefovidss IRBEIbaRAS bEMéJ.ﬁ%ﬁ%éWﬁhﬁ
4,894,119. Co-polyners, ter-polyners, or higher forns of polynefs may al so

be used. Furfinhertentfons goodipgpesfendibn, sii@gl A8 edlstdame Hehon, a mxture of two
or nore polyners may be used. Wen a cationic polymer is used and contains
a cationic pol yaOnapasivilderdditiosnforust Sccordiaf ¥l ted thélRods B theSor &ER ir%rﬁifoﬁfs?m y
present in the copolyner, and preferably present in an anmount of at | east

about 30 nolcgimivdtagbnatinhicytaich maybeadiud s thOfulflst s@EIEH R prdsh@Av BB 0 From
about 5 nol % to about 70 nol % of the polynmer is preferably forned froma

cationic cdvrormatach treited paipi Siatch acy @0 bidile@htlbi BAmERIpoinRlaRAL RMoRI g Used in
accordance with the present invention can be used in conjunction wth a

pol yacr yl anipeerhdiing rolprihdoeghabicegerhakiog spparatas Lbyen 608 bxésed ihbonaQf, af ter
addi tion of the acidic aqueous alum na sol retention aird. If the

For instance, cationic starch can be added to a pulp at about the same time tl;at the acidic

aqueous alumina sol is added to the pulp. Preferably, if a cationic starch is employed, it is

added to the pulp or combined with the pulp prior to introducing the acidic aqueous alumina

sol to the pulp. The cationic starch can alternatively or additionally be added to the pulp

after the pulp is first treated With an enzyme, a coagulant, or both. Preferred ;;ationic starches

include, but are not limited to, potato starches, corn starches, and other wet-end st'archcs, or

combinations thereof,

Conventional amounts of starch can be added to the pulp. An exemplary amount of
starch that can be used according to the present invention is from about 5 to about 25 pounds
per ton based on the dried solids weight of the pulp.

The papermaking pulps of the present invention may also contain a conventional
papermaking pulp-treating enzyme that has cellulytic activity. Preferably, the enzyme

2.



retention aid carries a cationic charge, an anionic pol zapquvagjmi,e can
preferablyhg,used WO 01/88265 1 7 NOV 2004 PCT/ US01/16075 -10- together
with the retention aid. If the retention aid carries an Bal/B#itdoQharge, a
cationic polyacryl am de can preferablly be used with the retention aid.
Cationic polyacrylam des are described in nore detail above. Regardl ess of
charge, the ‘pBPIsHion gleemhihiss renjectiadytie activirButieid by i@RhzyhR-6xa8Ss Of

100, 000, and preferably between -about 5,000,000 and 25,000, 000. Suitable
ani oni ¢ pol yawpssitiend ideudeftmse des@ibidiin i Ppredt Po. 5355, 300R9ESELACHS, paGPrding to
the present invention include those described in U 'S. Patent No. 4,798, 653
which is i Heplesgeniie@9/RHas0 filed Retirdasy 29N1998, @hd/Infehafi b BN G Ron 418/ ONbI Nat i on
of the acidic aqueous alum na so] and a pol yacryl am de provides a suitable
bal ance bet RB@A780r el rimemoratid kater Inn@eir ehtirltRS by SeRAhLON O Ok r
formation, strength, and resistance to shear. One particular additive for
use accor di meperrorkingepuipetdatitsenaimes e BUZSICER 5ny ent BODYME™a252888dgpni C
starch. Cationic starch may be added to the pulp or stock of the present

i nvention t évaithlge frera Batkarae hatbraeeiceidettional, IS, MdphRPOnREsc 208 6reAby ONE OF
nore points along the flow of papermnmaking pul p through the paper maki ng
appar at us ofelispait enryé canipesifiongaefirhbly contais (iOM.abodt §% by AelzRiE ShouCAb] ONi C
starnch can be added to a pulp at about the sane tine that the acidic
aqueous al uhy waighioinzyng:. Ftldpefetral dnagnddeohiposifinedag Tddkyoontaln RyedllegNi ¢ Starch
is enployed, it is added to the pulp or conbined with the ‘pulp prior to

i nt roduci nggyém haxlae glyed,pelyvisylgirioliddns, tet@Rfdrdf@rylatBhdd WlyRerind RGteF akd ONi C -
starch can alternatively. or additionally be added to the pulp after the
pul p is firghencpmanimalontimeaompitigneiditiRecadgekanils, daeriathu shneher r ed
cationic starches include, but are not limted to, potato starches, corn
starches, alg B18P0.\e cuaythe siapbciddsl to the puls DIARY GAVnEREI AARRE Qfch as '
Conventional anounts of starch can be added to the pul p. An exenplary _
anount of  Haapwpunt pEftommheut D01 b weigitar BbutQ. 100% biieeifit 08 Rk bisBYSNT | ON i S
fromabout 5 to about 25 pounds per ton based on the dried solids weight
of the pul pthe #ryeveishpedtheiim fr pepk, fidm tvet O052E By whiiht @bo R D.0¥8Y 2l SO
contain a conventional papermaking pul p-treating enzyne that has

cel lulytic ¥eightvity. Preferably, the enzyme

In a preferred embodiment of the present invention, an enzyme composition is
included in the pulp or stock and contains at least one polyamide oligomer and at least one
enzyme. The polyamide is present in an effective amount to stabilize the enzyme,
Exeminlary enzyme compositions containing polyamide oligomers and enzymes are
described in International Published Application No, WO 99/43780, which ‘is incorporated
herein in its entirety by reference.
| If an enzyme composition is included, it can include a combination of two or more
different enzymes. The enzyme composition can ihclude, for example, a combinatioﬁ ofa
lipase and a cellulose, and opﬁonally can include a stabilizing agent. The stabilizing agent

may be a polyamide oligomer as described herein.



"a. WD 01/88265 -11 1 7 NOV 2004 PCT/US01116075 corrpozi-fi A &HO exhibits
hem cel | ul wiomssgti vity.. Suitable enzynes and enzyne- OE&%‘%}I 5
conpositions include those described in U S. Patent No. 5, ) 5 to
Jaquess, U.S. Patent Application No.-129/031,830 filed February 27, 1998,
and International Publication No. WO 99/43780, all incorporated herein in
their entiretie< Horigeamaybeided to the Relp inaxendanea with oayetiansikiea gf Husdes t r eat i ng
enzynes are, BUZYMETM 2523 and BUZYMETM 2524, both avail abl e from Buckman
Labor at or i ¥ APPRBFHRE Rresisees: Honexampibapibdids mTchmaitetie theArepe i el
cellulytic egnzyme conposition preferably contains from about 5% by wei ght
to about zob)gndébewegﬁﬁ Pepbap lreen ttted Withadhesnegde sxdzyimicpolyRas Bidcwes can
further contajn polyethylene glycol, hexylene glycol,

pol yvi nyl py¥sF8 inderapermakingpesrastontivg to sliequésett, inghti@eindine biosabEwel and ot her
conventional enzyme conposition additives, as for exanple, described in
U.S. Pat entknong. 0 ghasckgigd. in Thee awntoy veanmpme bisiocidid eballablet Bien BikBnig) any
convent i onaﬂ1 amount, such as in an amount of. from about 0.001 % by wei ght
to about 0.47800teHss fnematanalelngyMembiis ddnnessee, simh ad BYSWNIMgbibci@k. t he pul p, for
exanmpl e, from about 0.005 % by wei ght to about 0.05%by weight. In a
preferred enmbodifAetidigiauetaalpmisg eqtcoritsiniagiprilpsor seoksonty pesefmRagdt | on i s

i nclhuded in the 'P”'ﬁ or stock and contains at | east one pol yam de ol i goner
and-'at | eastaygAdtionaHyRateatedivigh que byraore dbericamporeste ichidingablyaés @eh hve anount
to stabilize the enzynme. Exenplary enzyme conpositions. containing

pol yam de dAMOgEn#ids namipnisn polirmers, acleysdesier ifbileds, | dyed, npighdna) i defvaerBubl i shed
Application No. WO 99/43780, which is incorporated herein inits entirety
by ref er endBICroPipcigdes, g adjvaEng epepie sich aprlum,sind ntheucbedentioral asmakicg side a
conbination of two or nore different enzynmes. The.enzyme conposition can

i ncl ude, f dFoEseRgsfditves Bhisprpddisivesonn tsfadded befopadeimna afierdedolintkioses  and
optionally can jinclude a stabilizing agent. The stabilizing agent nay be a
pol yam de” 1 Ftirerauenys gemisgisge Bre  the asidic @qus88LA&Enina sol is added after

. most, if not all, other additives and components are added to the pulp. Thus, the acidic -
aqueous alumina sol can be added to the papermaking pulp after the addition of enzymes,
coagulants, flocculants, fillers, and other conventional and non-tonventional papermaking

“additives. |

The addition ofan acidic aqueous alumina sol to a papermaking pulp in accordance
with the present invention can be practiced on most, if not all, papermaking machines.

A flow chart of a papermaking system for carrying out the method of the present
invention is set forth in Figure 1. Itis to be understood that the system shown is exemplary
of the present invention and is in no way intended to restrict the scope of the invention. In
the system of Figure 1, an optional supply of enzyme composition and an optional supply of
synthetic cationic polymer composition can optionally separately or simultaneously be
combined at desired respective concentrations with a flowing stream of papermaking pulp to

f"orm a freated pulp. The supply of pulp shown represents a flow of pulp, as for example,



17 NOV 2004 PCT/ CJS01116075 -12- A biocide may be adde(rjﬂa&O {?e [@gl pin
accordance‘%@,f,}mg nventi onal uses of biocides in paper |_§g§2 esses. For
exanpl e, a biocide may be added to the treated pulp in aPChUeHdtRest after
the pul p has been treated with the endyne and cati onic pol yner. Biocides
useful in the papernmaking pul ps according to the present invention include
bi oci des welSHPPliRhEWR 2 pep boidisg tagk i siledThersupfigofyulp shb@s inePiard] @ HRla0Ci des
avail abl e from Buckman Laboratories International, Inc., Menphis,
Tennessee, S$ordiitdeldBEgakPkmbingtintes othFitventaitdthSagyts OtiBixak kiFe Rithe

so] -contai ni ng pul ps or stocks of the present invention nay additionally
be treated WVRTBHR The supply of cozimer compoiion entte, foi exanplejangldpptayRfmgSuch as
ani onic and non-ionic polynmers, clays, other fillers, dyes, pignents,

def oaners, anPellebisicoirataisatiop Withdj irddt iohg trareiniutp (8MIC MTHR SupdlydNsydRtgc Ot her
conventional papernaking or processing additives. These additives can be
added bef or €atioggrriclygier eammitier canritey fod exdniple) adioldidgh@nildvilicGnafl&ars al um na
sal. Preferably, the acidic aqueous alumna so[ is added after nost, if
not all, ot Eemrmeidiion vigsandnldt of drepemtehiudp @asle added to the pul p. Thus, the
acidic aqueous alum na sol can be added to the papermaking pulp after the
addi ti on of enzykhegulp, cptiergliy teates ,witﬁmamzythmh@osiﬁdnIahcﬁér%atioﬂiagol%é}ﬁé
conyentional and non-conventional papermaking additives. The addition of
an aci di ¢ afueddvmahefreatdpigplankt troagtpapfveraniditieg toclgh a blenahercleee W th the
present invention can be practiced on nost, if not all, papermaking

machi nes. Aadditiygs, v axamplef stactp apiecidm i agustiySieents, hat theale fnHy BEcdribine Ne Met hod
of the present invention is set forth in Figure 1. It is to be understood
that the sywitethenpvm ticgedpudmasltizr blend@fiest, RRCHRESREY aridy 8Ndthed Tocatiisi S I N NO
way intended to restrict the scope of the invention. In the system

of Fi gure |, 2lgng Sptflognef] pubufhpiugh dfe siay.nGonvenpoadiiviry @apuaps aghiignal supply
of synthetic cationic polyner conposition can optionally separately or

si mul t aneousiMpedien withinppdveids eanvehtional atflitivespe bt ised THeRTRBHESdIiMBSAW th a
flow ng stream of papermaking pulp to forma treated pulp. The supply of
pul p shown fFREpRERdcEReNVith ap perikt ofitheiishtpd pilstadkoandex aurr i@ codBuRddi8865 1 7 NOV

2004 .
an inlet of the blend chest.

According to the embodiment of Figure 1, the pulp treated in the blend chest is
passed from an outlet of the blend chest ihrohgh a communication to an inlet of a machine
chest. The blend chest and machine chest can be of any conventional type known to those
skilled in the art. The machine chest ensures a level head, that is, a constant pressure on the
treated pulp or stock throughout the downstream portion of the system, particularly at the
head box.

From the machine chest, the pulp is passed to a white water silo and then to 2 fan
purflp. From the fan pump, the pulp is pumped to a screen and the screened pulp is passed to
a headbox where a wet papersheet is made on a wire and drained. In the system of Figure 1,

drained pulp resulting from papermaking in the headbox is recirculated fo the white water



of pul p showo o263 gure '|I can be a conduit, holding t 1 ng tank,
or other container, passageway, or m xing zone for the m‘ﬁlﬂ p. The
supply of enzyne conposition can be, fpk exanple, a holding tank having an
outlet in comunication with an inlet of a treated pulp tank. The supply of
synthetic cl% &kfnrepgrestbymmesiucatonp Gsintnig edive ake Keadbok @ldrMea i Gied & ] di Ng t ank
having an outlet in communication with an inlet of the treated pul p tank.
The pul p, op?t Paperal bapetbpedpwducni t h t he enzyme conposition and/ or cationic
polymer, is passed fromthe treated pulp tank through a refiner and then
through a bl end dhbsembodintenichabn inRijticl] HESsteiAhchREABhRntichAhE o i oci de,
pH adj usting agents, and the |ike, maybe combined with the pulp or treated
pul p at the 4t widc sjess aluming kil feadddias the rameld RéatApuRbBGked REQLPRS al ong
the flow of pulp through the system Conventional valving and punps used in
connect i on vife kead bx: Sdditinaipeitiorgadots Mumsiha @shdta bEifonGiRRHRAR sks@dan dhe refi ner
has an inlet in comunication with an outlet of the treated pulp tank, and
an out | et i ridésiattiniswéitbonnr aiewhere anthé systed altfough QotteSiRd BEsike 2. ABROr di ng to
the enbodi nent of Figure 1, the pulp treated in the blend chest Is passed
from an out I¥¥e®ef Higuee bliae netcotiastinet buneieg he nackingansit sttt iBxadme et of a
machi ne chest. The bl end chest and machi ne chest can be of any .

convent i onal2dgifyrs. inghesting stashitinsiles, asdgiH ddpetigagemiesudl 4s alufiRayBAGHMeAS Chest
ensures a |level head, that is, a constant pressure on the treated pulp or
st ock t hr oud#fdtiendchest, eigbarsachioasheptoat ttieatutibhx tae/oSal bR il S/ itsH! guly at the
head box. From the nmachine chest, the pulp is passed to a white water silo
and then t o 2dufting asqgsraen beadded wheee figzredpi mp]tipldeinddigngithe MBS & a screen
and the screened pulp is passed to a headbox where -a wet papersheet is
made on a wifeEehrp @roaghbelsystem. t he system of Figure 1, drained pul p
resulting from papernmaking in the headbox is recirculated to the white

wat er WO 01/ 88264m0they eprdiRg04f BET ¢80 bivEaFSis-dbghcted in Figure 3. Pulp is

PCT/ USOL/ | 697s -13- supplied froma pul p holding tank og il\ll Zﬁﬁf supply
,}% ﬁ‘ b
(“dtw 0t

optionally treated in a blend chest with a nitrogen-containing cationic polymer or a cationic
starch, The treated pulp is passed from the blend chest to a machine chest wherein an
enzyme composition is optionally added to the pulp to form an enzyme-treated pulp. The
pulp is then refined and passed tc_> a stuff box where nitrogen-containing cationic polymer or
a cationic starch can optionally be added to the pulp. The optional cationic polymer or starch
added at the stuffbox, if used, may be the same or different than the first cationic polymeror
stqrch optionally added to the pulp at the blend chest. Alternatively, no cationic pblymer or
starch is added to the pulp at the stuffbox. From the stuff box, the pulp is then passed to a
white water silo where, in the embodiment shown, the acidic aqueous alumina sol is added
to the pulp. The pulp is then passed through a fan pump to a screen and subsequently to a

head box. The drained stock resulting from sheet making in the head box is recirculated to

the white-water silo.



silo. The paperweb produced on a formng wire in the hﬁg W?ﬂ rai ned and
dried to foygyyapaper or paperboard product. In the e g{i n hown in
Figure 2, the systemincludes a conventional stuff box. FAVBREVHIE aqueous
alunmina sol is added to the refined trgated pul p between the screen and

t he head box. Additional acidic aqueous alum na sol and an optional
cationic starch Otnrhiditivesidelddiag bibdids, pHulustRE %z s s8thsSWIR! Sidki 1hbe system
al though not depicted in Figure 2. The systemof Figure 2 has a ‘'second

refiner betweebhetdde! tmichupat b BiSid RAE af hemadhiteioniX%e thQulifihe sﬁﬁ%{ ives,
i ncludi ng starch, biocides, and pH adjusting agents such as alun}’ may be
added at t hedbt dnghabicshe systtmt he nmachi ne chest, at the stuff box, and/or
el sewhere in the system pH adjusting agents can be added where needed at
mul tiple points ak@nfng tehé babbdphenpett Be Pesent k&R sRPinlLRLINLNe system
Anot her enbodi ment of the present invention is depicted inFigurée 3. Pulp
i's opti onalnitpoger-emtairng catianidyobidr hMsditionis Mded A ideREE Pre&QNLALNIENg cationic
pol ymer or a cationic starch. The treated pulp is passed from'the bl end
chest to a rwtdnbaecaiais bolyherceitiinidBacr@AEMEi6 ARPQSS bf Ak x{?&%oin%Pa" |y added
to the pulp to forman enzyne-treated pulp. The pulp is then retined and
passed to a/stutfihg boxpredresdenbbdifeg@enthe platcat iﬂbéﬁgoﬁ%WﬂLﬁgﬂQb)’%f Or a
catiionic starch can optionally be-added to the pul p. The opti onal cati onic

pol-ynmer or shasfithe opaicitibehtiaic pélgme biidrcH@podifiony 58 tardiBYat E%dée{a%&. e or
different than the first cationic polymer or starch optionally added to

the pul p at pulpe bl end chest. Alternatively, no cationic polymer or starch
is added to the pulp at the stuff box. Fromthe stuff box, the pulp is then

passed to a whiTle appiretns sf ke pMde: Gavehtiont &8 a@s‘@bﬂgh&eﬂgwﬁr@o&%ﬁceg Po? aci di c
aqueous alumna sol is added to the pulp. The pulp is then passed through

a fan punp poviigeneehlcantbosissesaentnindsol & otBeadide%o wd Ay Sf fined St ock
resulting fromsheet nmaking in the head box is recirculated to the

whi te-wat er si | oA cN@e) bk 882G, dceitrighl f2QQkakifZlde WS Linke gizlgbséd]b?ﬁveg, her

addi tives, including biocides, pH adjusting agents such as alum "and the

like, can béridtied, hofat enputi fheatrechiecdadifNe 2T He emsddihdAR oPBIGHEIE Chest, at
t he machi neBS;tJuff box,
anove,

The method, system and pulp of the present invention provide a paperweb exhibiting

excellent drainage and/or retention of fines. Resulting paper and paperboard made according
" to the method of the present invention exhibit excellent opaqgueness and other desirable
physical properties.

The acidic aqueous alumina sol used in the papermaking pulps according to the
present invention can also be used, according to embodiments of the invention, to treat waste
water streams (or other water streams or holding tanks) and textile dye streams. The sol can
be added to a water stream or a textile dye stream to treat the stream in a 'manner as
described with respect to the addition of fibrous cationic colloidal alumina microparticles in

WO 97/41063, which is incorporated herein in its entirety by reference,



and/ or el sewhere in the system According to the enbodifn#ng(pf2Mie present
invention WMowwssisR Figure 3, if a nitrogen-containing cabr@RhGiepRl yner
conposition is added at the bl end cheié it can be, for instance, a
cationic polynmer containing acrylam de”units and units of a cationic
monomner . Accor di ng é.o a preferred, enbodinent of the present invention
shown in Fi gur e "$°ordine fodhgyresery jwersionsamethop of daesylatingencmmerepattigeise or st ar ch
conpositions is . a starch that is added to the pulp. The apparatus of the
present i nvERETRHPESH B e dipersicn G aeevided wherehy tH‘éWF‘é@E‘“?‘B‘#eS cotasinatheg a

sui tabl e concentrat,i on of th? al um na sot or other additives to the flow of
pul p. A cl eSFREFIONMh 30 pmpyt o acidic-aguequs plug e selowfisiont te Ancnlgtedtiaste, can be
di sposed between,. for instance, the fan punp and the screen, according to
any of t he ePBUEW thiirertisrlatempterials. [The dsosmsionean e water sreun. asyaste smieand pul p of
t he present invent i,(r')n gr ovi de a_paperweb exhibiting excellent drainage
and/ or r et MR Bflepdypsam et dymyasesteam. anefheraiems ownther praiitalate cor di ng

Jo the nethod of the present invention exhibit excellent opaqueness and

ot her . desi r §BPEIEIHYRIE S sPERsie dispagonsTorsolytionsi Thewsealbsaciiangigeas sol  used
in the paper,makin ul ps according to the present invention can also be
used, accordRg? f‘g tgﬁfﬁgdﬁ“ﬁﬁ‘ﬁ fsspasficutapy syitghle fer fnsculating prrdiglatevestedals wat er
streans (or_other water g_treams or holding tanks) and textile dye streans.
The sol canP™F¥ AYFYeWS isPiter streamor a textile dye streamto treat.
the streamin a_mapner as described with respect to the addition of ‘
fi brous cati oni (E”ﬂ@FT%’PH&’P“%ﬁ?fﬁf‘H drin be gt vrdpus mopificatipp andyadat®®s, which i s

i ncorporated herejn in its, enti r%ty by reference. WO 01/88265 1 7 Nov 2004
PCT/ USOL/ 160%5° 144 fo the enbodimegtsobthe Praschyinxentinn withow denening frem the sidier of
flocculating one or nore partigulate materjials present in a dispersion is
provi ded \AheP%eb‘i?“‘Fr?ées‘?Péﬂ‘i ofln Erusotbis inteadectbetithippresart invantiopspversetheni t h an
anmount of aci&:l{'.c .aqueous, al un%ga,sol .sufficient to floccul ate at |east a
portion of TREMGHMFRELYAPRnREL B iyeaion vifandhesisencsf B 2vsnded eleimsapd er st ream

a waste watgr, equivalents.



stream a textile dye stream a textile dye waste streamzJ ﬁr -ttﬂ streans
or other pgidamate- containing m xtures, suspensions, {: Q@Si s, or
sol utions. The use of the acidic aqueous alunmina sol toftVE &% eans is
particularly suitable for flocculatinglparticulate naterials present in an
aqueous dispersion. It will be apparent to those skilled in the art that
vari ous WBATTISCItADMEDARd vari ati ons can be nade to the enbodi nents of the
present invention without departing fromthe spirit or scope of the

present inventi 0”‘\m-Eméa’Offn'éldhégéﬂH'W?Qbﬁﬁ&%o&@ﬁﬁ .esent i nvention covers
t en

other nodifications and variations o s 1n on within the scope of

t he appended cl ai : I L ents., WO 01188265 -17 1 7 NOV 2004
PCT/ US01/ 16075 Mﬁtﬁg&&%%ﬁ%ﬁ%&aﬁﬁwﬁé%ﬁ# AARATEF5AgMIDdp form a

paper boggd. Lh$l NY: a) introducing at |east one acidic aqueous al um na
sol to a pageriﬁa Iing pulp to forma treated pulp; and b) form ng the
treated pul p intq,paper or paperboard. 2. The nethod of claim1, wherein
said sot has a p&)gﬁq&}ﬁ?g&qﬁp@m@%g{mp@pm@amhe met hod of claim1,
wherein sai d aci drl c aqueous, alum na sot is added to said pulp in an anount
of at |east “about e ms108 ¢ lginy howlbreim saitheol dns & pH 6 Fosisabamighkbad gbot h t he
sot and the pulp 4. The nethod of claim 1, wherein said acidic aqueous

al dni na sol 3s addethethod ofélaimplybereinsaidmcidivaigbéoud ElufniRbiadREd © s3d pgynd per
ton of paperstock to about 5.0 pounds per ton of paperstock based on the
dried slandmowsiofht leat ol 0.05 peuriiiassltsh thi'@rielolids Feighhtd bBRLROL 9l §h al m 1,
wherein said aci di c aqueous al um na sot contains el ongated secondiary

parti clmdp.t hat are el ongated from about 50 nmto about 3 00 nmin only one
pl ane and are formed by edge-to-edge coagul'ati on of rectangul ar plate-Ilike
primary part cl e&‘h@ﬁ%ﬂlﬂﬂopcléi&rlgﬁiﬂer}gﬁsaﬁ@&dﬁ!a geo%alfménr o %?%tge Oﬁ.ﬂﬁ 10 about

3 0 run when observed through an el ectron m croscope. 60 Bf

clai m lin dnUinldiBE of GBRY k30631 JLHY %gzc {og%fa}}aptl:rg%glg to ggou?giﬂogciu%ds per ton of

paperstock based on the dried solids weight of both the sol and the pulp.

5. The method of claim 1, wherein said acidic aqueous alumina sol contains elongated
secondary particles that are elongated from about 50 nm 1o about 300 nm in only one plane and are
formed by edge-to-edge coagulation of rectangular plate-like primary particles having a length on

one side of from about 10 nm to about 30 nm when observed through an electron microscope.

6. The method of claim 1, further comprising introducing at least one anionic
polyacrylamide to the pulp.
7. The method of claim 1, further comprising combining at least one cationic starch with

said papermaking pulp prior to introducing said at least one acidic aqueous alumina sol to said pulp.
8. The method of claim 1, wherein said pulp comprises a sulfite pulp.

9. The method of claim 1, further comprising introducing at least one polymer

composition to the pulp or treated pulp.



pol yacrylam de to the pulp. 7. The nmethod of claim1, fur{henggo i sing
conbi ni ng awologexts one cationic. starch with said paperrf,%li.}lggm% <P prior
to introducing said at | east one acidic aqueous alum na sot 10 sali'd pul p.
8. The method of claim1, wherein saidipulp conprises a sulfite pulp. 9.
The nethod of claim1, further conprising introducing at |east one pol yner

conposi tion 1@ t hehddrkbPo®bf LhBRLE N 2 7 2004 . .
PCT/ US01/ 16075 - 18- 10. The moi E’og’h%?’ h%f‘ léli\/&?ql%"%{&]%ecg‘g?ﬁc gggggéfc’nll@ég’tonone

cati oni gy 'Qéggléatﬁﬁ[%i i : i ses a cationic polyacrylam de pol yner.
11. The rrrg?tl#\od of clai ma%ﬁ,y %e?%ﬁr%nésfai d at | east one cationic polyner
conposition i a I .wat er - sol ubl e cationi.c polynmer containing
acryl ani de UHS't s g%ydﬂ %:tgﬁ %f?lcaaé%\%bﬂ'g%?is%gﬂﬁte%fme ofponigplyHercemgostiorsai m 1,
further risin ing a high nolecular weight cationic polyner to said
paper ma@{hng Bu aﬁ?rgﬁogﬁ%%&?gﬂuwlgﬁﬁjc%ﬁqﬂﬁgaqu@ﬁ% etioniomongrherkhueiny.

condi tions, %efqlé% addi n% sai d acidi c aqueous alumna sal. 13. The net hod
of claim1, faurthEte REhsratslamy ! orhes qomprisineriding o digbehdlethia iveighIvaemc t O

sai d pulri or treated pulp. 14. The nethod of claim1, further conprising
addi ng BRYPEHRsaid pepegmaiting gulp, dolbrwey e subiectisgihd sppémsiches BeR sHeat dopdiueing Sai d
aci di c aqueous alumna. sol to said pulp. 15. A paper or paperboard made
accosrdibﬁgone@dﬁingsaiéaﬁdid agieoos aliumind sol16. ' A paper maki ng appar at us conpri si ng
a supply of an acidic aqueous alunina sol, a supply of a papernaking pul p,

a devi ce forl3 eeditegnaleiddifelaifl U SRHBerabMBRE Sflinglst & foacidic
aqueous alum na sol to the supply of paggégr}ﬁgaki nnggapulg%toit}gceﬁlg&%éﬂgﬁﬁﬁ?y of

t r eat edsaplipfip obtnehted puglgvi ce for formng the treated pulp into a treated
paper or paperboard. 17. The apparatus of claim 16, wherein said device for

form ng the 14 eatjgd I est in co njcation wth
said supply of t reaﬁ%uﬁg%l*?@ﬁheﬁﬁ%%ﬁg%%ﬂ%‘? ?PB%‘YHC CRABERP end

chest, @; i i i.oen with said fan pynp, and a head box in
communi %ﬁﬁ?%lﬁgéfe\%e?ﬁﬁ aal B Ig%? téléelgic aqueous aamina sol to Fs)alcrl’rBulp.

15. A paper or paperboard made according to the method of claim 1.
16." A papermaking apparatus comprising a supply of an acidic aqueous alumina sol, a
supply of a papermaking pulp, a device for feeding acidic aqueous alumina sol from the supply of
acidic aqueous alumina éol to the supply of papermaking pulp to form a supply of treated pulp, and a
device for forming the treated pglp into a treated paper or paperboard.

17.  The apparatus of claim 16, wherein said device for forming the treated pulp comprises
ablend chest in communication W1th said supply of treated pulp, a fan pump in comm@caﬁon with
the blend chest, a screen in communication with said fan pump, and a head box in communication

with said screen.

18.  The apparatus of claim 17, whereina supply tank is provided for holding a supply of
the treated pulp, and the communication between said supply tank and said blend chest includes a

refining apparatus for refining the treated pulp before entering the blend chest.



18. The apparatus of claim 17, wherein a supply tank is provided for

hol ding a SH,%Q%MSZ(@; the treated pul p, and the comuni cath nN@¥t 8kn said
supply tank and said bl end chest includes a refining apF&T&iSiK1h sy
refining the treated pulp before enterigg the blend chest. WO 01/55265 1 7
NOV 2004 PCT/ US01/16075 -19- 19. The apparatus of claim 17, further
conprising a it i : Le,n said white water silo has an inlet
in communi catl‘iM(;n \?\nht g%lh']gOtﬁaélﬁl\(lj\ﬂgﬁ'é@ﬁmﬁwnsﬁnﬁlaéﬁ“ﬁeP‘F’a@&ﬁl’lﬁani cation with
sai d head box, ang,an. outlet in conmrunic¢ation with said fan punp. 20. The
appar atus of cl ai %}“_‘L@‘PSP&P@H&W%%%@G%@WW@ with saidblend chestyaaf | ni ng
t he pu:j:ﬂ or treated, uI,E) prior to formng the pulp in said head box. 21. A
paper o SEB@P’B‘B%‘P’(‘F“I"PEH&‘ i Risrhead bvapadeaa qlgtdn webmusigdtion yethesaidefan peagr i Si Ng
cellulosic figers and an acidic aqueous alumna sot. 22. The paper or

paper board ofPcl alths gpparaivn ef diim Kafuthertompeising opd-braforé Fefiled Bottfidng fe abOUL
6. 23. The paper or paperboard of claim 21, wherein said acidic aqueous

al um naPybor teeiad pilp pried to dgairedths pdp ndkatdhepdibéd.cl es that are el ongated from
about 50 rimto about 300 nmin only one plane and are fornmed by .

edge- t 0- edge2toagAlpapéran paferior@taas Woad 2 BhRkg nhi i r oGl

having a | ength on one sipgj:a of from about 10 B%gﬁ%wgdﬁggé&gg&néﬁb&ﬁgﬁg

obser vedeltilositfieredmdeh a6iticQfuecid ALASENE- 24. A paper or paperboard nmade
froma drained and dried paperweb fornmed froma papernaking pul p

conprising cgkl ul gl danid PSE hi ous . alummna.sot. 25 . A
met hod for floccul atlﬁﬁg pgr%%id%u aqt}\gla%? g’rﬁghgfegygarléejgoéﬁ?s ??ﬁ&fﬁ?@ﬁé?‘gﬁdﬂ,
conpri st gcontacting the dispersion with an acidi c aqueous al um na sot.
26. The nethod of claim 25, wherein said dispersion is an agueous

di sper si on. 7. e thod of clai.m 25, wherejn said dispersion is a waste
wat er di sper%%on.mz@ggﬂrep% A8 089%?311#%?1%@thgawuﬁmpémasm@n is a

textile rea :
c%nssélonga{yd secondary parthles that are elongated from about 50 nm to about 300 num in only

one plane and are formed by edge-to-edge coagulation of rectangular plate-like primary particles
baving alength on one side of from about 10 nm to about 30 nm when observed through an electron
microscope. |

24. A paper or paperboard made from a drained and dried paperweb formed from a
papermaking pulp comprising cellu?osic fibers and an acidic aqueous alumina sol.

25. .| Amethod for flocculating particulate materials present in a dispersion, comprising
contacting the dispersion with an acidic aqueous alumina sol. |

26.  The method of claim ﬁS, wherein said dispersion is an aqueous dispersion.

27.  The method of claim 25, wherein said dispersion is a waste water dispefsion.

28.  The method of claim 25, wherein said dispersion is a textile dye stream.





