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(37) Abstract: Methods of making paper or paperboard are described. According to one of the methods, an acidic aqueous alumina

sol is introduced ta a papermaking pulp Lo form 2 treated pulp having improved retention propertics. The acidic aqueous alumina sol

o0 preferably has a pll of from aboul 3 to about 6. The ol preferably contains elongate secondary particles which arc elongated from
about 50 nrn 10 abouwt 300 nm in only one plane and formed by edpe-1o-cdge coagulation ol rectangular plate like primary particles

—~ having a length on one side of [rom gbout 10 nm 10 aboul 30 am when observed through an electron microscope. The pulp may also
be treated wilh at least one coagulant, at least one flocculant, at least one calionic starch, 2t least one cellulytic cnzyme, «l fcast one
biacide, and/or other conventional pupermaking pulp additives. ‘The resulting pulp is formed into o sheet of pulp und then driined
10 form u paper or paperhoard. Other napermaking processes arc also descerihed as is a pupermaking upparatus for carrying oul he

a methads. Paper and paperboard containing dried pulp thut has been treated with an acidic agueous aluming sol are also described.
Methods to [locculate particulate materials in a dispersion are also described.
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[err] Abstract: Methods of nmaking paper or paperboard ape @ﬁscri bed.
According to one of the nethods, an acidic aqueous al um n 1 El 2
i ntroduced Y& Y45¥4her making pulp to forma treated pul p hevtiusyiidn oved
retention properties. The acidic aqueo_zs al um na sol preferably has a pH
or fromabout 3 to about 6. The sol preferably contains el ongate secondary
particles which are el ongat out 300 rimin only
one: pl ane and forned bhﬁﬁgﬂﬁ&ﬁ%gcﬁ éi}g%ﬁ%%fg %t angul ar plate Iike
n |

primary particles having a ?engt about 10 nmto about

30 nm when Ohﬁmﬁﬁﬁm{@ﬁﬁwn m croscope. '!"lie pulp may al so
be treated with at [east one coadgu , at least one flocculant, at |east

one cationic stangh, l.east one cellulytic enzyme, at | east one biocide,
and/ or ot her con\f/l(eﬂntqr%%gl 'ﬁ%g%ogr'ﬁgﬁsntﬁ pﬁﬂ%/ aliRgy PUPS cReperrking @eagkssesng pul p i s

formed into &,S886!moT l.p,and then drained Oto forma paper or

paper boar d. Qrﬁher ptggglrd yl?f?dnﬁ%ﬁrr rcae%ag‘géo E’O%"Esomﬁc{@sfﬁq"f Becputps. Msreg

paper maki ng i anying .out the. methods. Paper and paperboard
cont ai ni ng dri ed ag%ﬁ% ér%g[t“q Vaestmﬂg"élﬁtest fodwtting RapTRakIRE R Witk atdepseengs al umi na

sol are al so,RRSGtikiRE s ds t.q flocculate particulate materials in a
di spersi on ar Kopjatic ges%?lﬁ%lg MO AI5 S ER265 -1 PAPERVAKI NG PULP AND

[ WVENTT ON 1 7 NV 9005 B o Hi B sl B eat iy Tokng it cs. o
paper maki NG BUbRionPARS" FRKLAGNL 0SCBIER 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 wi.th improved strength

characteristics.

SUMMARY OF THE INVENTION

One 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



enpl oyi ng the pul ps, and paper and paperboard products nmade fromthe pul ps.
More particularly, the present invention relates to treatl ﬁ@ ﬂ@ﬁ]ng
pulp with at | east one mcroparticle-containing retention ald gs

M croparticles and other particulate materigls have been added to

paper maki ng pul ps as retention aids. For exanple, U S. Patent No.
4,798,653 to Rushnere, which is incorporated hereininits entirety by
reference, descrhiies ;i SARAI MR 118 SHAGKTHOG! W) BRrrE) dobb 3 onkhPREGAYI 3

t wo- conponent conbi natign of an anioni cﬁg éacr
col | oi dal si i caP¥bes el s8n Bhelensriri famspeut %amtf%boet@@u@lmwaiwonmlenemén

enpl oyed in papefsméd by efpelpsdge i’b@@gutaﬁ@ﬂoﬂ\tetct&lguﬁﬁtpﬁ&tﬂkb tprma@%iéi%@ h%n%l

of ten made. on- si RSP 8F ST JPB 0l FOBAYP Hebo bR L e e annoed
exists for a st abiweosmpcrﬂlpamﬂmcadpeolscaﬂunnmtwnmmef&hlﬁiyin@rzerylstsold @retb@db@rHEBKI ng
an bo ohi pped t orR el HECHIER cerier Bl B, SRt Paf g S e e

paper maki ng pr oc&%we usk 'H@mﬂlpan@@dema:s@lsa ¢0®tama>r|bapeat¢datoﬂr1eg lqastiope t:chgﬂllant at
exhibits even bejhglond ﬁ&c‘%ﬁ‘l&ﬂtoﬂ 105t EdeMBRr, R 0st %Ylggolg%?la%ﬁdé G 13%5& ?Hé: SatibBe

shear forces duri n%’(111 aper naki ng_process. A ne
paper neki ng pul pS# ta“‘%i’ro‘a]&"éé’gnvéntﬁ’aﬁé%“lpo?ddb‘a?fe%@ﬁ@mﬁrm%@t stagk tchn tlm!)beved
strength char acfoendédsht @Svet SBLAVVARY ﬁtolﬂﬁaﬁd@(ﬁb%b@\‘et&ir%nﬁ!&?&ﬁu s WEarddBY o

relate to.the use o0 ci.dic ous sol as a retention aid for

a paper maki ng pul’® Sger gﬁ‘%é’f;cmﬁ‘?ﬁ’gg‘?@y H?aée% @e%% deefragh e dgBe. thesrsuingareanl v
1 7 NOV 2004 -2 brapaperboapHnagf préfeahly akidbit e}&elleﬁt @laquehesd andldi@teOlesii@ie physical
preferably cont ﬁxla e(;:éieg_ngate secondary particles which can be el ongated
from about 50 nnito about 300 nmin only one plane and forned by
edge-to-edge coagul ation of rectangular plate-like primary particles having

a length on one side 18t afi6i0 MRBRUnnkR ML ﬁﬁ&@gasﬁ]gik@ggpv}g%aﬂ%ﬁs%%‘ﬁ?%

t hrough an electron_  mcroscope. The acidic aque
preferably be ve?“frorg’f’&f?le@""?ﬁﬁ“@f‘%?"é&eﬁw%@fafw45¥?ﬁ‘g”*te§ Ffespaps Wﬁ@ﬁleémﬁ/t@msean
preferably be made off-site then shipped to a papermaking m Il for

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.



future use. The pulp or stock may also contain or be treated with at | east
one coagul ant, at |east one flocculant, at |east one filldrNO¥t200éast one
pol yacryl am de, at | east one cationic starch and/ or ot her conventi onal
pul p additives. The resulting pulp or stdek can then he forned into a wet
sheet of pulp or stock, having inproved retention properties conpared to a
wet sheet made of conveﬁtﬁftlmaiebt;pfﬂme%@dinmti@lprﬁfideeapaj:ead»rrpa;@éaoandahade fromg,
the resulting pa

opaqueness and/ o?@%a%nﬁgéndgg@??%gmegéﬁgﬂ %51? Lgéﬂg%xmﬁmg%%ﬁﬁg%hﬁ cméﬁaﬁ%ous
al um na sol used®iGfnefidic pasesaliinggolpul ps can al so be used, according to
enbodi nents, for the treatnent of waste water streans and texti | e dye

streams. A first aspect  of ﬁhe present invention provides a nethod of
meki ng paper or paper b&af @R Pis i gresey IP‘f?f’tFOé}dRI&Y“i’?@ sgtmethed &ar fenlativgdi c

aqueous al umi na ﬁzﬂrhculaﬂ: WatEeiiesaktiing dppérflor, Quih@isil cBnthdiB@ 1HR dliPetkibs wthdn D)
formng the treafed pu 0DSal]n,lnrlag)(ﬁper or paperboard. A second aspect of the
present invention pro es a paper or paperboard nade according to the
met hod of the first aspect. A third aspect of the present |nvent| on
provides a papernaklng LSl n \gUeous
al um na sol, a supp It?ngﬁé ?dggtﬁ%{t?ﬁgbﬁ &%qnoregou%e#%rﬁd Scn dgn§113C| Bic
aqueous al um na é‘?ﬁﬂe ﬂ?ﬁﬁﬁﬁtlﬁ’éafglﬁwpiﬁfbﬁnde@éﬂma@na@f@emgrmmwadﬁdq powid¢ e
supply of paper nakhd@xfitaitont F tHePrdRRinSsHARY, Ys Qfimbd G8L s'ééorl?;séhﬁngw A@@éh ce

for formng the treated Bulp into.a treated paper or paper board. rth

aspect of the pr HE dHEPPRIFE IR Pt CHRENE derert2f fhip @prlisttiopailatBs e tprahsendlasm  a
dr ai ned paperWebeml&ainden@abwﬁrevyﬂ&emmﬁﬁoﬁl an@ tépeihbrlies HgerlptiBe lservé Re@RirdGE di C
aqueous al um na g% lesot7the resegtmvem- 2a A fifth aspect of the present

i nvention provi des’ e aperp or paperBoard made from a drained and dried
paperweb formed from a papernmaki ng pul p conprising cellulosic fibers and

an aci di ¢ aqueoUSRPHESERFIION OF THE DRAWINGS

Fig.1 is a flow chart showing a papermaking process according to an embodiment

of the present invention



A sixth aspect of the present invention provides a neth 7f h fé@ﬁcul ating
particul at gygpi@bdsal S present in a dispersion, conprisin cd ya I'ng the
di spersion wth an acidic aqueous alumina sol. It is to'h&UH§eP st ood t hat
both the foregoing general descriptiom-and the following detailed
description are exenplary and explanatory only and are only intended to
provide a furthBe 2xplkdivat clow sbwinger papesedking pry@s hbtdind 3o Ghahdyed. The
acconpanyi ng drawi ngs, which are incorporated in and constitute a part of
thi s appl i ca&mbediment bf the preshieingatiorn, ald exenpl ary enbodi nents of the present
invention and together with description, serve to explain the principles
of the present iFigehtis enflowBRliaEFshDERgR PibefkGly prblesDRAMINGS, Bhand 1S a flow
chart show ng a papernaki ng process according to an enbodi nent of the
present i nvembodiment\of B4 pr8@RiGhvehtigh. NOV 2004 PCT/ USOL/ 16075 - 3- Fig. 2 is a
fl ow chart showi ng a papernmaki ng process according to another enbodi nent
of the pres®BTAIREPDESGRIPATON BFIHS PRESENT IDWENEON showi ng a paper maki ng
process according to another enbodi nent of the present invention. DETAI LED
DESCRI PTI ON OF THiE pRRESIENTbNGENT todht JEBEf 4pleas et acidt\igutbisafinifl saf.8S t 0 the
use of at |east one acidic aqueous alumna sol as a retention aid for a
paper maki ngapngion #d fwe pegeonabingenlpo Bapdr s Qaptcard pRdlRctameR ot  t he
method. preferably exhibit excellent opaqueness and/or other desirable
physi cal  pthepeethode prefeBibbetxhitdf expailiqar bpapesdsi ahd/srethd aRarbRNShyRaper boar d
products are made preferably exhibit excellent drainage and/or excellent
retention opropetig. f Shves.of Phip fami aihich A pass ard PapeMdars Proditei8rAALY cont ai ns
el ongat ed secondary particles that are preferably el ongated from about 50
nm t o about pBGGablyexhibit exveenodreingleand/ornteiBhteeteftioabepabfises f or med by
edge-t o- edge coagul ation of rectangular plate-like primary particles

The acidic aqueous alumina sol preferably contains elongated secondary particles

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 alumina sol

having a pH of from about 3 to about 6.

According to another exemplary process, a stable acidic aqueous alumina sof can be



preferably having a | ength on one side of from about 10 pm t@lvalgwt 30 nm
when obser wed g1458¢-0ugh an el ectron m croscope. Preferred stable acidic
aqueous alum na sols of this type can preferably be nade W’US{}HW’&JS
processes. An exenplary process includes the steps of. (A) adding an al kal i
to an aqueous al um nasol containing fibrous colloidal particles of an '
anor phous almpdt plpartistts having analypricchydetedothanie sir@dhurdinkireih eheRBMIeRGgR PH Of
fromabout 9 to about 12, (B) subjecting the reaction mxture obtained in
step (A) t o agudeychlumitesohwintains elatgaeenteoadanepatiiziep @hith Wie Sloffardif@m apaftout 110 C
to about 250 C to produce an aqueous suspension containing an al um na

hydr at e havisAgmatolrbekiriod amsinrantt eneglanaal foheddpsaiat-todigh B ARRAHS

suspensi on obtained in step (B) by adding water and an acid by

ul trafiltratféngiley plagrlike@nimaryipditiclesiguiaga kngth bibitaids 6f fork @6uN® ngh @H Of from
about 3 to about 6. According to another exenplary process, a stable acidic
aqueous al ubeHa3& LR vhamolserviiDhtopkH 88ReHonlmidrodde. 2DRorREH dbiSHlided 8275 - 4-
made of particles having an alum na hydrate boehmte structure wherein the
stabl e aci diF€Ps d&duadding alaliali man sgleowelumiriansl cettainga fitrokReMiddsMidRar ti cl es
whi ch are el ongated from about 50 not to about 300 nmin only one pl ane
and formed BiAnaagehewsabeien hydralg ol moducrs redtion reistups tgvings pibioRrabble® Pri mary
particles having a | ength on one side of fromabout 10 nmto about 30 nm .
when obser vEueioHr Gugh) snicetingdhe waction emhase opined hestdy @CRSShyaRMRiLFES t he
steps of. (a) adding an alkali to an aqueous al um na sol containing fibrous
col | oi dal p&ratientesa tegpergnreaffoplibag 1 H°Whiordol Rd0°at & fredups Aipsoud react i on
m xture having a pH of fromabout 9 to about 12, (b) subjecting the
reaction m Rispingoppangainieghniahimdnadydreta aving abodtyrdteairiturelahd (cfofadmBRt at a
tenperature of from about 1101 C to about 250 C to produce an aqueous
suspensi on ByiRgsnAipagpidention-envhange teyiol usitadrydranail-aipe Sirdn@SBd¥IahiGn-Sichatzb Ur €, and
(c) contacting a hydrogen-type acid cation-exchange resin and a

hydr oxyl - t y[reinge hepgyetys sespension nbteiehia sge(b) todfSinan 22idid iguaGianisia SHSPensi on
obtained in step (b) to forman acidic aqueous alum na so] having a pH of
from about hevinga tfrogy 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



According to yet another exenplary process for producing _an aliﬁi nat e
hydrate hayhipgsdeoehnm te structure and a stable acidi lafi0¥o llql um na
sol containing elongate secondary particles which are elfs é’é?‘é’émi“rom about
50 nmto about 300 nmin only one plafe and forned by edge-to-edge
coagul ation of rectangular plate-like primary particles having a |ength of
one side of Hydwinhaviogt badmitnstieted, eut (DBG:dding wheuid ohbeiqueshs klpagBA an
el ectron m croscope. The process conprises the steps of (A) adding an
al kal i to arpbteined ol stepl(Triorfermsn hcidio afuasus khghidaiskitevisg £ drgb@abouear ti cl es of
an anor phous alum na hydrate to produce a reaction m xture having a pH of
from about 9oemuahout 12, (B) desalting the reaction mxture obtained in
step (A") by adding water by cake filtration to forma desalted reaction
m xture havi ng aApédrdifg tb yeancaieoexdempPlaty@road B pdbducieg@high StRbRGHMN@dt he
desalted reaction mxture obtained in the step (B') to a hydrothernal
treat nent atstdlereidipeqabusnurida soff thoproabauipikdmeehbficatP@islerstatheGabe Produce
an aqueous suspensi on containing an alum na WO (1/88265 1 NOV 2004
PCT/ US01/ 1608ic-duechy diuatne shioabiatgd ay BRess df ehesdbbreCixkrhlary PRdessdd 2hdaddi ng an
acid to the aqueous suspension obtained in the step (C) to forman acidic
aqueous al urpmantsaihg thawelng a pH of from about 3 to about 6. According to
yet-“anot her exenplary process for producing a high-concentration and
st abl e aci di ¢ aqBeouydaraitahié stidicmbicous Aemips QOEHS cHOREIEISE SerdiBS AN igal | Y
di spersing the stable acidic aqueous alum na sot obtained by any one of
the above exerwplanseyvifhtisgemee nvertidn, asdpicents ©E hakihgtiiCansDire dbBENERT Y St abl e
aci di c aqueous alum na sols that can be used as retention aids in
accor dance wkanple, fireU 5t RegamhNo.iS(982 6151 to Wananhe prabo@saasinédipordiditertth thhe sane,
are described, for exanple, in US. Patent No. 5,989,515 to Want anabe et
al ., which iits entiretpbprfaatneel herein in its entirety by reference. The acidic
aqueous al um na so] can be added in any anount sufficient to inprove the
retention of fi n&keasidmqtdees ghubipa sofcas beudbedifanly ambResutiiztent tdimprive Bt Or
web. Preferably, the

- retention of fines when the pulp or stock is formed into a wet sheet or web. Preferably, the

acidic aqueous alumina sol 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



aci dic aqueous alumna sol is added in an anount of at Iﬁzsg ?b@m 0. 05
pound per W ’ J (_paperstock, based on the dried solids i ﬂ both the
sot and the (gélgg?'s‘t ock or pulp, and nore preferably in BGT/HROAY7S0f at

| east about 0.2 pound per ton of paperstock. Even nore preferably, the
aci di c aqueous alum na sol is added in an ampbunt of from about 0.3 pound

per ton of pager mtlodds atraciibiibst ndr RIS, REJodt @Rl eal0cK,p based on
the dried solids weight of both the sot and c't ﬁg&pagé@?%gﬁ{es%%’eaci dic

aqueous al urthieved eten Whyn fie £y AU NeninALIead .of from about
0.01% by wei ght to about O. S%agy weli ghi? based egﬁﬁ{}ﬁgeq%?g%]éﬁ% 13?183'5 wei ght of

bot h the sotstepmdhdpaperPalRy Bdco@Kpefera Jﬁ&agﬁg;rqg%[,pgmﬁa %f‘ is%c?cieﬁ l&}geat ent

application, the ternms "pul p", "stock", paper st oc are %l

i nt er changeablyyerickbgzutii il beeAAMERH The PIHAIIRRSPkadl ST SR QR £Ld. L N accordance
with the present invention can be gg%gd be?or easo(r% glpélg?amsﬁ %aﬁ?t?ﬁ‘ﬂant shear
steps in théepapensdg pageff ocess. Preferably, the retention aid is added
after the machine chest or stuff box if the papermaking 1 7 NOV 2004 WO

(11/ 88265 PCT/ US(elpdfiehidkingGulpBytécR B tRGhHERRn Aol PG hest.and/or a stuff
box. Good papermaki ng properties can be }wgchine‘\)/ed %&%ﬁ’&hﬁ%&cﬁ’éaﬁci di ¢

aqueous al urenten @ihlosedibard haf aqubsiR melilg ad a28h cedicdidh b [ bt €P 1N the
paper maki ng process. Preferably, tﬁe1 a(a:i di cceaaueouspg%?ﬁ%}%@%?ou?s added

after a pob§irby weight bagdbnaid toliBiePRAM BRI t‘l@plﬁ;&"&' S%éyﬁocgme%élt er at |east
ss. The p

one significant shear step in the papernaki ng pro 58} maki ng

pul p or st obkaddettohenpdiyfee s paftahadnghfip, 456, orfceﬁlbin&%é‘{?fcp%i (gan contain
cellulose fibers in an aqueous nmedi um at "a concentrati-on o p#%Perably at

| east about sto@8IFinyexuepighte fisash @mphRSikRAtAloA RISl aLept of the
pul p or paperstock. The sol can be added to ﬁaﬁyﬁhiﬁgiigﬁ?gfvggé of

paper maki ngsybiitt pylp stiraiekpulpds haOREBdNR RIS a O It RS fO¥ul ,aﬁ,gg,@ofsﬁ&r exanpl e,
the pul p may conprise virgin and/or recycl ed pulp, sd% as virgrn sulfite
pul p, br okepypsl gd tize lk@ar dwood kraft pul p, a softwood kraft pulp, mxtures of
such pulps, and the like. The retention aid can be added to the pulp or

st ock i n advanc@hefetetSqosd duk Rghdiddeo |Repul orSociSih @@V Berdsi king wire.
The pul p or stock containing the ret e‘hﬁ on ai 1d has beeﬁr{’gs“E)r?g%erpr‘rl‘lip

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.



found to exhibit good dewatering during formation of th¢ ’PWW on the
wre. The Ry p @5z stock al so exhibits a desirable high Fgﬁg&“ﬂp{ﬁ_of fiber
fines and fillers in the paperweb products under condit Jpo T gh shear
stress inposed upon the pulp or stock:;”In addition to the acidic aqueous
alum na sol retention aid used in accordance with the present invention,

t he paper malkX&3Pang 5815, 8o whiclame mraporged foreitia tipirestratiesibn veércans may
further contain another mcroparticle, for exanple, a synthetic hectorite
mi cropart i cliesludediigithe putps oMitekosfitierprasint mopipt,iackehdid Héctdrtemicaparige a Nat ur al
or synthetic hectorite, bentonite, zeolite, non-acidic alumna so], or any
convent i onaledgjiyetdee bt presentaid dint dffgtive amownt, udbrisiont aboutOHGBendskek lohed i N t he
art. Exenplary synthetic hectorite mcroparticle additives include LAPON TE
avai | abl e fPeRsFBtackybased en tha duisdtselide weigtntbothiiiee iyttt the papetoapRabdg| €s
described in U S. Patent Nos. WO 01/88265 1 7 NOV 2004 PCTIUSO /16075 -7-
5,571, 379 ard Bupdsspesdah ofighipatiodr Préferetdy, pHa aprelktib deeirhe imicrépagicle ientireties
by reference. If included in the pulps or stocks of the present invention,
a synt het i c infded itiis alded totlwpalptor sthek in adkehiduivef froamabost O RERT Per ioA oANY
effective amount, such as from about 0.1 pound per ton of paperstock,
based on t h@aptrstoskdtosibinit 88 pwend gértionall papersihelt, hsedasidictdridtRsoRdavelzf@f Raper st ock,
to--about 2.0 pounds per ton of paperstock. Preferably, if a synthetic
hectorite mnithemuprapartiald adithe papenstdcided, it is added to the pulp or stock in
an anmount of from about 0.3 pound per ton of paperstock to about 1.0 pound
per ton of paperBaddifon thtsecldiomuehs alimivadolzabitids ald@kg i acodeddaet With t he

m croparticle and the paperstock. In addition to the acidic aqueous al um na
sol retenti &% peisent invedionrthampomaldnrgisiot focks hecopliRIe Mt piebyiERbdndsn t he

paper maki ng pul ps or stocks according to the present invention may further
contai n a caayinthuepftiivcoatuimyfiocetantioion gypeine Bxenpenmhglayitflocculant

coagul ant/fl occul ant systens that may be used can include, for exanple, an
i nor gani ¢ c &Ykt dret may bhusad caml inphude,(fat axample, aslikqpiralcebagutint cicatal@ni ¢ St ar ch,
or a | ow nol ecul ar wei ght synthetic cationic polyner. Preferably, the
coagul ant - r EtireiEs S‘t‘ﬂ@tegé@a*t ¢atienic gfprtln e adbvanmgdesular esight syothetpadationid es

polymer. Preferably, the coagulant reduces the negative surface charges present on particles
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



in the paperstock, particularly, the surface charges of the cellulosic
fines and njpgsal,.fillers, and thereby acconplishes sohd@ NBYr 2084 of

aggl oneration of 'such particles. After the addition of a RJ&MIN/&HT5 and
preferably after the various significagpt shear steps of the refining
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treated by fpalieracthe lke. Eerfflhry ABA nioRclINSveiith .omed. by subj,ecting the
pul p to high shear conditions, followed byﬁpéﬂtﬁ"éaglg%{ﬁ%ﬁpéﬂ 5F° & %‘e%fci di ¢

aqueous al urstagapsocdssifyg subtibld for &b &duck A bi; AN ent qnal aper maki ng
pol ymer can be used. The pol yner ig preferlgﬁTty acsact?{lﬂ%'f%}'épgi%'ﬁﬂ”? anoni oni ¢

pol ymer, or 4GFS3AhPaatien B.e7PRhVIRE bott fucdriMat Ter n_anphat eri c pol ymer,
it is preferably used under cati oni cccon%%}%ﬁptﬂﬂig R %é%er?fﬁﬁ be, for

exanpl e, a hitdéastmk etherl @iymsLtag bk useWG) QLERR20R st/ 2094 PCT/ S0 1116075
-8- linear cationic polynmer, a branched pol yet%f/ﬁog%gytg?(f’cgg?er%mc“eﬁ

pol yam doanizheg! predded (tRAKRY poRfey 8825 nodubdthiGialid | ary, hi nmol ecul ar
wei ght linear cationic polyners and shear sl?g};géﬁgrrsggggés)ﬁt ?\hﬁ d§ﬂfaglgbl e for

use in such piopeintebicvainteontig 168% GrsheRlvidol) S. Patent Nos. 4,753,710 and
4,913,775, which are both incorporated herein in their entireties

byref erence. At Thegapérmelify QiifRe sBQYTRHe HaByd | Do addi fion to at
| east one of the, polyners recited aboveeﬁpr5v§v§§§ﬂ%ﬁh@°%'}?wé?%‘8?'§ner does

not subst antpplxnbncomgustiion eifym@be Ghe i dLS) : rdies achi eved
Bl }fe e !%chmnﬁ:io&g&ngﬁf@}%ftgralﬁ¥ a@ﬁ}

according to the present invention. The papernmakin tks of the

present i nvemement efintiConidkdve the @aiaBrGeted®Bh ¥FERL pif é&lﬁ, bl oL enpl oyed,
the cationic polymer conposition is preferably ad%le(sd) | greélr?qgen%ﬁﬁt

ef fective t dulphphevies tdretichicionagepredent. ﬁ@ﬁ&ﬂal‘?@ne%ioﬁi@ﬁm Mérqsp(%%@@r ed to the
same pul p but having no cationic polyner present. | eneral . “the cationic

pol yner i s pidsf iraabinpuntafaléeistiabou 0 08 GBUARpeObn 8t pab&aslc GBGHE o figa PONINd. per
ton of paperstock, based on the dried solids welght of both the polyner
and the pul eg!idawdglppéﬁ@th@o%rﬁeﬁarﬂ%@ﬁ@%ﬁ pfbffgre?eﬂy ih Q@a?ﬁoum?&t!east about

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



0.1 pound per ton of paperstock. Preferably, the cati on[it 6 Y i s added
i N an anouRfo efgg2dsr om about 0.2 pound per ton of papers éﬁ?’ %ﬂ]'?%qut 2.5
pounds per ton of paperstock, based on dried solids wei DSWRYY cati oni ¢
polymer is enployed or an anphoteric p®lynmer under cationic conditions,
the polyner is preferably added in an amount of from about 5 grans to about

500 grams Péthetosentinvpativer Exonteshdsainiopolhersdidial, bkt 45 1M&icgly of both
the polyner and the paperstock. Mre preferably, under such circunstances,
the pol ymer cationicitieches andacatianiopiijacrybinide RO Br e2dnrl; 3FhRra2gYt 200
grans, and even nore preferably from about 50 granms to about 100 grans,

per ton of papemgkedtk 2babeid monondnevi@feirail GMbnictiondRiahdy ol JAQlhiiae  pol yner
and the paperstock. Any cationic polynmer or mxture thereof nay be used and

preferably coquamizaingtm. betdganidntapdlsy/diRese SAMMRG LY RISRE! ket h
paper maki ng can be used in the pul ps or stocks WD 01/8826.5 1 7/ 2004

PCT/ USQl / 164t%Bic-nBnowérs tvhieh praseniolnitvieddivitRery BaRE) 5 ifrerkatiQnic pol yners
include, but are not limted to, cationic starches and cationic

pol yacr yl anipaiemers hsefid peprdingito thx pragehtdnveaSaOnYIIBY ikt all@lesteRF¥drAHe With a
cation is nononer, wherein the cationic nononmer maybe in a neutralized or
quat er ni zed nfedepylicNcid ogainliplomtnas iniciger aetialiR or RALIHIRE Sord! ExdMitie! r ed.
Exenpl ary cationic nononmers which may be copol ymerized with acrylam de to

f or m pr ef er repnicatonomérs andgationiveolyacrdahide paaaat 4t Agerived hes PLeSAR.
i nvention, include amno al kyl esters of acrylic or nethacrylic acid, and

di al | yl ami né894.hl9¢> Baen, Ingutbl, adhich écin@ipdrsalt Rfel e eftdiyy EXRAR. ar y
cationic nononers and cationic pol yacryl am de pol yners are described in

U.S. Patent No. fdpB@der kb8delgt Barals be dpolyacrolamie form¥d ol omSndnRRfdpOr at ed
herein in its entirety by reference. If a polyner is added, 1t nmay al so be

a pol yacryl éelude fdroxammde, { trimetobnmmeine-3-hidiet ropffk&tPytatd A& RWBIIR, € ‘
1-trimet hyl ammoni um 2- hydr oxypr opyl nmnet hacrirat e met hosul phate. O her

exanpl es of Othst txebiples pbbuyitable polyiners, ielade, Bitaredict liR@Ed fo] RtPBlybrs of
honmopol ymers of diallyl arni ne nononers, honopol yners of am noal kyl esters
of acrylic dieliaming rionomers, 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



pol yam nes, as described in U S. Patent No. 4,894,119. Co-pol %/Errer S,
ter-pol ynernge P,k gher  forms of polynmers nay al so be ukdaN0 umﬂher, for
purposes of the present invention, a mixture of two or FSFESHAYRers may
be used. When a cationic polyner is usled and contains a cationic

pol yacryl am de, nonionic acrylamde units are preferably present in the
copol yner, dngktipr eftie tlebttyntion eidenf the Reteifion AdTPAHSs A Tan@hiclc ,a%QESch 30 nol %
and generally in an anount of no greater than 95 nol % rom about 5 nol %

to about 70 pwisaétylethide b prdérytiee sl withaeEaiion afdogidi?%@kcf;&?mﬁagg@gsggni c
conononer. The acidic aqueous alum na sol retention aid used I n accordance

with the pre®embed innuestde@i a6a8, RardReoofi Rab®Nthd! Pl dOMhathel
pol yacryl am de that can be added before, g?m“ tgﬂ}éoﬁsﬁewm%}ﬁ?avgra after

addi tion of méleuncidigh RAKESYST ADUITONdSRbtefBly Bk a5 obé U&Oha%fi retention
aid carries a cationic charge, an anionic polyacrylam ollle can preterably be

used WO 01/ 8B2660. FuitdeaR&idpolyR&TihRBskbrBOF Be phis ank ?%@kt@&& alblafhgt N

retention aid. If the retention ald carries an anion charge, a“cationic

pol yacr y| anitdeheqassenrisfesticalihaludeandss askoricl i 1% PLETNY, 498s Bdx0uniGati ONi ¢
pol yacryl ani des are described in nore detail above. Regar c?l ess of charge,

t he pol yacr yih@rotedaiginiave eftireti Bl eFstbib, TR &Jﬁ{biﬂaﬂorﬁéﬁﬁé&iﬁé agh@fs000, and
pref.erably between about 5, 000,000 and 25,000, 000. Suitable anionic

pol yacr y| amiati@sindsorandisgoljadrylahidepbtviuss ARRbRABBRSLOG S e vl 0 the
present invention include those described in U S. Patent No. 4,798, 653

which is i fimevpentanegbol papet formation, sGen@ihl dntl @dslstalde th &fegr ence. The conbi nati on
of the acidic aqueous alum na so] and a pol yacryl am de provides a suitable

bal ance bet ween @neaart'eslsnaddiﬁwaﬁ)arshﬁt@ordin§ioﬁ&%nétﬁid@@ittﬁé}ﬂeseﬁﬂﬂ&tﬁﬁgﬁr
formation, strength, and resistance to shear. One particular additive for

use accor di egtidng statvh. Geiohiod@rch fnaj BeadfEdesBEbuld SNRBE AR prSenBinyé@ibd @8N C
starch. Cationic starch may be added to the pulp or stock of the present

invention t domfstamteirested palh. Stachineg bpdded at2mad bekodBY¥inR&GIAL R %@t rone or
nore points along the flow of papermnmaking pul p through the paper maki ng
appar at us - oPagsystkém poip throaghphemparinakiny Spirki@for system of the present invention.
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.



For instance, cationic starch can be added to a pulp atmpq@v ?ﬂ@, same tinme
that the agjglhges,R0Ueous alum na sol is added to the pulp. referably, if a
cationic starch 1S enployed, it is added to the pul p orPCBH¥IAEIS Wi th t he
pul p prior to introducing the acidic dtpueous alumna sol to the pulp. The
cationic starch can alternatively or additionally be added to the pulp
after the p@Pppestion 'Flﬁfsftxhtbﬁd&n@llmyttchct&m.mmnzme@Qﬂ@ﬂiﬁﬁkont&lﬁin?m h.
Preferred cationic starches include, but are not limted to, potato
starches, céPmpSsitancindsde taseldestribed inWes. Perad Not 53551306 to JaguessCORDbAGE | ONS
thereof. Conventional amounts of starch can be added to the pul p. An

exenpl ary adoatitatiof No. §9/83 16430 filed Febniary 2761 998 @t IaRaRhiEHITGIbE@HLNG, RFE S ent
invention is fromabout 5 to about 25 pounds per ton based on the dried
sol i ds wei gifP/43180; hié inpotpprated Hherepajpethsin khtiietiep Wy PSfeRhcet NOMHRF €8&{Hiary NVENti ON
may al so contain a conventional papermaking pul p-treating enzyne that has
cel lul ytic aencrmaking pulprtefungdntymes it SUAAER 3583 aMBOAY 8265571 1ol 7 NOV
2004 PCT/US01116075 conposition also exhibits hemcellulytic activity..

Sui t abl e _en#yaielde fiord Backmpnbabomnias Infemngion s TROMdmpRRST el 08 s descri bed
in US. Patent No. 5,356,800 to Jaquess, U. S. Patent Application No.

09/ 031, 830 Fillubtic Fetmeiemypodiion fER8,ly @ntink fb@aBaK BB eBHab higatioen No. WO

99/.43780, all incorporated herein in their entireties by reference. O her
exenpl ary  papeightedueywr. fbd preferrentnzyig: @REYITS @Ak QurBEoONETMARAFANd BUZYVETM
2524, both avail able from Bucknman Laboratories International, Inc.,

Menphi s, TeabieddewlenAgiyead fpelyviegpyroddntattahyireRgaIBhdt QRAHE LR oR ef er abl y
contains from about 5% by wei ght to about 20% by weight enzyne. The

preferred epbgrencatipelsntymeronpmnitibuiddiiives, ST6HRiMp1f) Mset-a ¥ @8pad YCOl
hexyl ene gl ycol, polyvinylpyrrolidone, tetrahydrofuryl alcohol, glycerine,
wat er, and NethE6.88¢rikhentdyma aky Brezjadee thoppphiahy @nvadshal in@ss, sif af OF :
exanpl e, described in U S. Patent No. 5,356,800. The enzyne nmaybe added to
the pul p i ni"@Agmesyofdieni abput0.08h% bptreigittoddbod 9. 100% bpweigeaYine 84sed £;0M about
0.001 % by wei ght to about 0.100% by wei ght enzyne based on

- the dry weight of the pulp, for example, from about 0,005 % by weight to about 0.05% by

weight.

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.



the dry weight of the pulp, for exanple, from about O.ﬂOf ight to
about 0. O5%gam/ssxei ght. I n a preferred enbodi nent of t ep a,?ﬂ 0 anenti on,
an enzyme conposition is included in the pulp or stock and CORP AT ns at

| east one pol yanmi de ol igomer and at IEast one enzyme. The polyanide is
present in an effective anount to stabilize the enzyne. Exenplary enzyne
conposi ti ons cortipgideriy Berddedtp the pelp inporredasceanith coneptinasl uss 6f kesies | bed i n

I nternational Published Application No. WD 99/43780, which is incorporated
herein in i PPaREARIKIRG Rogs3ses dop pxampls, 2 bipcidemanizyaideconipamhtd pilp isa | NCl uded,
it can inclqde a conbination of two or nore different enzynmes. The enzyne
conposi t i onP'ExiFheshatienthe pulp bas besedmptdwithomaphaaticaivniholgmerd. Bpages and a

cel lul ose, and optionally can include a stabilizing agent. The stabilizing
agent  may Ehindey lgﬁa?ﬁneén@wl@@n@miwoauamafsiemmvehmrahmdemcaw6&265 17 NOV
2004 PCT/ CJS01116075 -12- A biocide nmay be added to the pulp in accordance
Wi th convenfio¥Rdr. thesssskilled Hp dod dwstor rxpaper biadidesgavpilbRepce SBuckgin exanpl e, a
bi oci de may, be added to the treated pulp in a blend chest after the pulp
has been t reRPREG Insmatinualelng.y Memplris Temeisen isachps BYSAN™ Boaddsdes usef ul i n
t he paper nmaki ng Eulps according to the present invention include biocides
wel | known to tRb¥éiciarequarlunina stheomaining frops @xaniplotthe pleRfl ighegtigvai | abl e
from Buckman Laboratories International, Inc., Menphis, Tennessee, such as
BUSANTM bi deayddditionalebedrented witteaps evuere athermbmpors ol -isculingipblfgrs fidh &S OF St ocks
of the present invention nmy additionally be treated wth one or nore

ot her conpdfitsand men-ipgicngolputrynelegs. stheh fdiers, atyegnpignang de@AmER@N C
polymers, clays, other fillers, dyes, pignents, defoanmers, m crobiocides,
pH adj ust i fBicRBerifes. @iadiusiag ageninpuch Atklon,ed othenwandntiaabgap@aRERERKI Ng O
processing additives. These additives can be added. before, during, or after
i nt roduct i gROGFMeERHEEe| Hhese additivesigen beladded bafosa Huringr @ ke ablodyctibier aci di ¢

aqueous alugina_so[ is added after nost, if not all, other additives and
conponent s

the acidig pauepus alupmina Py Pfg_fer&bm_,gl,e atifhio aguesiony alumina 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,



aqueous alum na sol can be added to the papernaking pulfr) a&h@mpe addi tion
of enzymes.uqgoagudl ants, floccul ants, fillers, and othe Tc onal and
non- convent | onal paperneking additives. The addition of PAFUAYIEYE aqueous
al um na sol to a papermeking pulp in -48cordance wth the present invention
can be practiced on nost, if not all, papermnmaking machines. A flow chart of
a paper maki fgpréigsiane pop holding tankgr silot Thesepphesiymth shbwi MFi@rEE&RAtbe ai NVENt i on
is set forth in Figure 1. It is to be understood that the system shown is
exenpl ary  GPnduiidiojdingganistor iminimgririkon othercbontaindr/passageway] of ik RREEE for el €St T i Ct
the scope of the invention. In the systemofFigure |, an optional supply
of enzyme cdRPEsPun- ke supply afengyme comabsition pgl by, fof exampIBlaMelking talefidv@Bi C pol ymer
conposition can optionally separately or simultaneously be conbined at
desired respeegttleym commapinttioawitbas inkdt bha eatddpmpignls tTHR 8Mphf ofRARKHEERKI Ng pul p
to forma treated pulp. The supply of pulp shown represents a flow of

pul p, as fofatierigmplyeer WNOLi@BR6EDe] fof eNBiple? QUdIRETEASA NG Thteti3- suppl i ed
froma pulp holding tank or silo. The supply of pulp shown in Figure 'l can
be a -condufemmpridatipmyith anriklet aftherieatbdyls sk, or ot her cont ai ner,
passageway, or m xing zone for the flow of pulp. The supply of enzyne
conposi ti on can Bepulpoptierbynpratd with hebrdimecomaditidhand/ai@atioad piyhist 1 n
comuni cation with an inlet of a treated pulp tank. The supply of synthetic
cationi ¢ poPysardifrondhyseeied pumtaciathrobgh a réfivier e dtiEp HRough a Mehdting® Gk havi ng an
outlet in communication with an inlet of the treated pulp tank. The pulp,
optional |y eddifiveséorekantple ftecteabipeide, pidagiasing dpoits, antthelike Gidy bOinfbide@! yner, is
passed fromthe treated pulp tank through a refiner and then through a

bl end chest Witthdeipyipair treatettipulp ateiss biéndrchax atphite clebtas@for afotkd: Qehielas PH

adj usting agents, and the |ike, maybe conbined wth the pulp or treated
pul p at thealpretid flofeeft pulmtiohighn diectygst., Canelitionalablvish@d gupgaticans al ong
the flow of pulp through the system Conventional valving and punps used in
connect i on $PPRtPMYithintedunigs copmertintal atuitlvesacio bt nsed STHE AdTinB@askeasler iThe refi ner
has an inlet in communication with an outlet of the treated pulp tank, and
an outl et | fPREBHRIAIAOIRIth ap autit ofithe treated pulp tank, and an outlet in communication with

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



i 1, the
pul p treat egoiniysfhke bl end chest is passed froman outle ‘[ﬂ]gldﬂf_end chest
t hrough a communi cation to an inlet of a nmachine chest. EBVRE chest
and machi ne chest can be of any convent4-onal type known to those skilled
in the art. The machine chest ensures a | evel head, that is, a constant
pressure on $ifeThanepcvehcbrosiubqd oor fstinghvirk btk igagbsk istdhned OWMNSHA £3§RPOr ti on of
the system particularly at the head box. Fromthe nachi ne chest, the pulp
i s passed t o2 BEPoIor paperhaardprodick.o and then to a fan punp. Fromthe fan punp,
the pulp is punped to a screen and the screened pulp is passed to a
headbox where a \iyetbe@‘aimdin&zhie:hd&wriisthde,mélsyateﬁuiinﬁ&;dé{%omeﬂﬂid?ﬁﬁtuffﬂgy Lhe system
of Figure 1, drained pulp resulting from papermaking in the hea Box is
recircul at ed eididvauedys tleminata s M3 8 32REd fealed NN 1204 (RET:SL 16075
-14- silo. The paperweb produced on a formng wire in the headbox is
drai ned and e heedbexoAfdtimal sidpageouodunpiapl Roah dpinddiehic shkibhthepembodi ment
shagwn in Figure 2, the systemincludes a conventional stuff box. An acidic
aqueous al urA’fd a8k siuéf baxidedseivbert hethe gbten atihdugh abelpiRkd B BgkYECR,d he screen
and the head box. Additional acidic aqueous alum na sol and an optional
cationic st &EHm eidiigure? hagd shechdatfirehleneden fub nl2ebinadhe bl B Od e Syst em
al though not depicted in Figure 2. The systemof Figure 2 has a second
refiner bet RE@HVesHieclyingisiarvh, bidvislss, aad ddistiigd dgbrits dactas alkl Ry beagiidis bi VS,

i ncludi ng starch, biocides, and pH adjusting agents such as al um may be
added at t fie tignd sbest piche machine theet, arstehiufitbor, 2 6/kr el@vhérbR i Wikm by, and/ or
el sewhere in the system pH adjusting agents can be added where needed at
mul tipl e poifgingagas cmbe fddedwinire pestil ab multipleamiredalpiglthe AW OtiEp &he system
Anot her enbodi ment of the present invention is depicted in Figure 3. Pulp
is opti onalt‘l%teql?”éh@@ﬁgh the systolnend chest with a nitrogen-containing cationic
polymer or a cationic starch. The treated pulp is passed fromthe bl end
chest to a machi feotheneémbodithent of thegmesent invention is depicted in Figure 3. Pulp is

an inlet of the blend chest. According to the enbodi m&*nLI éth
t
P

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.



enzynme conposition is optionally added to the pulp to fir V2004
enzyme-treaygdypdip. The pulp is then refined and pass 5?1 a QQujf box
wher e nitrogen-containing cationic polymer or a cationi ¢ StEPEHEan

optionally be added to the pulp. The gptional cationic polyner or starch
added at the stuff box, if used, may be the sanme or different than the
first cationic p6kmeditioes, insidingblosiqes, pAnahbihgasedudias e AHkR @t the bl end
chest. Alternatively, no cationic polyner or starch is added to the pulp

at the st uf feabxaddéd tothetphp astheibEndubet, at themmsbbde chét,%hﬁ@m%ﬁé?ﬂfftbﬁxa whi te
water silo where, in the enbodi nent shown, the acidic agueous al um na sol

i s added t ant/heelpwhge infhesygethp i s t hen passed through a fan punp to a
screen and subsequently to a head box. The drained stock resulting from

sheet making in Bherdigad hoxmbinatbf G4bat idvehtioh Rowin Bz et ef .51 1 0. WO
01/88265 1 7 NOV 2004 PCT/ US01/ 16075 -15- Other additives, I ncl udi ng

bi oci des, pHitepnisintaitingagilicpotihcorodidim addbdat RBidni Kifst i%ﬁ'ﬁé??oradded to
the pulp at the blend chest, at the machi ne chest, at the machine stuff

box, . and! ofinstinsewhaiosic polyibeomyiaih g fBryl AGOHHs BEH bits bE.E0RAgLITRAL Of the
present invention shown in Figure 3, if a nitrogen-containing cationic

pol ymer conpesirting d igefaddathbalimtnor b Bt oSkios 4ot h Bure .k ealiNSt aNCe, @
catiioni ¢ polymer containing acrylam de units and units of a ’ca{| oni c

mononer .  Acooe off thgpptionahicatibgit Bl or RFROGHFBSHon9 s A LR L RSl H¥ENT i ON
shown in Figure 3, at |east one of the optional cationic polyner or starch

conpositiongulps a starch that is added to the pulp. The apparatus of the
present invention can also include netering devices for providing a

sui tabl e concent Fiat ipparatof of e @ésuiitii@nGe o2l a1t AQLIAHNELINVESLOgL e f1ow of
pul p. A cleaner, for exanple, a centrifugal force cleaning device, can be

di sposed bepwyling a shitiblecicnsientration oftiRaluhii: sELVBHANEILRE tSGE BEW of g Of ding to
any ofthe enbodi ments of Figures |- 3 above. The nethod, systemand pul p of
the present invehticoer, fir exaimpi, ocpERQENEE: RYMhddelick 9an be disposed between,
for instance, the fan pump and the screen, according to any of the embodiments of Figures |-
3 above,
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 opagueness 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,



excel | ent drainage and/or retention of fines. Resultind paNgy 4

paper boar dwmdesascor ding Jo the nethod of the present ippy@Q§Reysexhi bit
excel | ent opaqueness and ot her desirable physical properties. The acidic
aqueous alum na sol used in the papermnéki ng pul ps according to the present
i nvention can also g.e used, accordjng to enbodi nents of the invention, to
treat waste wat'&FOSPE OARPrEET nyEHior ARethof oEflgceulatine ane MatomipAgClanks) and
textile dye st r.aﬁams. The sol .can be added to a water streamor a textile
dye stream PR LRPCRHR 2 JiPasion iswroyidsdwhwsbyae methadinglpded cqpitaching ths pect t o
the addition of .fihrous cationic colloidal alumna mcroparticles in W
97/ 41063, M‘F%“ﬁ‘%“?‘ihﬁeBP’B‘HFSE@EPI%@PQUMIPW%S@ saffciepide flogsylateaf leastmce. WO
01/88265 1 74}&/ 004 PCT/ USQO1/ 16075 -16- According to the present

i nvention, BOTHIkGiG rarticrlpGaasrial; Abe dsnersion cambea yater steamh. atvastameer i al s
present in a dispersion is provided whereby the nmethod includes contacting
the di sper Y8 AP dpstispp it tirdrawas sreayveethe sugemeprhes prtionlafef i ci ent t o
flocculate at least, a portion of the particulate materials. The dispersion
can be a watBPEUNHesuRER o8 Hispapionssersalatipnsg Theyse plthe agific aggoam  a
textile dye ,waste stream or other streans or other particulate- containing
m xtures, sHYPEASY 6 Ecat grepe ispasirglarly puitaplp deri fnseulating gartjewateymatetiads aci di ¢
aqueous alunmina sol to treat streanms is particularly suitable for

fl'occul at i nYCPHH T AR ISREF% al s present in an aqueous dispersion. It _
w il be apparent[ t.ﬂ those skilled in the art that various nodifications and-
variations can "8l ppapearens ta hese skiflesian et batyprieusmogifieationsand vadiations on wi t hout
departing frog1 t hde stgi rit .or S?%pe of the present invention. Thus, it is
i ntended t 8T °F BACHY B Eptodmepts of tho Pregeptmyeationvribput dersriing frem e emrdt onnd
variations of this invention within the scope of the appended clains and

their equi VSPREGE I pRpsd pyesion 5 Thup.it iiEnyenm;h%Qﬁpresent invention covers other

modifications and variations of this invention within the scope of the appended claims and

their equivalents.



r
paper boar d wqPsRkicsi Ng: a) introducing at |east one acidi oﬁéﬂﬁal um na
sol to a papermaking pulp to forma treated pul p; and bJSVEPHIAYt he
treated pulp into paper or paperboard.-12 The nethod of claim1, wherein
said sot has a pH of fromabout 3 to about 6. 3. The nmethod of claiml,
wher ei nVEHAX ISCIABVIBDUSouUs al umina sot is added to said pulp in an anount
of at |east about 0.05 pound based on the dried solids weight of both the
sot and the 1.pul mfi’lethm%fﬁ‘iﬁﬁihg’ﬂ?ﬁ&fofﬂaiér%&dc&ﬁﬁﬁﬁﬁjf;é? sai d aci di c agueous
pul'p 0

alum na sol is added to said I'n"an anoun from about 0.3 pound per

ton of paperstoc i er ton.of aper st ock based on the
dried solids wei Sa%%n%gfagﬂb?’o&%aﬁﬁﬁﬂggg%wg%cﬁcﬁ% “Bﬂ‘?ﬁo*."“g?gﬁﬂ’?@n RYP teformpai m 1,
wher ei ”tréeﬁ‘éoﬂp i,y ¢ aqueous al um na sot contains elongated secondary
particles that"’are el ongated from about 50 nmto about 3 00 nmin only one
pl ane and are fg)s d.by edge-1o-edge coagul ation of rectangul ar plate-Ilike
primary particle & ireatsd e WP Pagror PRprEbesttd.f r om about 10 nm to about
3 0 run whe obs%rved t hrough an el ectron m croscope. 6. The nethod of
claim1, further ‘e#sthodiohelaionl etoein srid sl hheapH of fremabbwinits about 6.

pol yacrylam de to the pulp. 7. The nethod of claim1, further conprising
conhi ni ng at3.| eadihe misthod af ¢laimi I wheearsaid avilichqueis aluP@RRITPAIIE Do BHA P’ | OF
to introducing said at |east one acidic aqueous alum na sot to said gul p.
8. The inanhwduutiof el laastatiout 006 peird Bsddhnitid BrisIBREE #EBhbrDMHAThd &1 R B, O
The method of claiml, further conprising i.ntroducing at |east one pol yner
conposigilmn to the pulp or treated pulp. WD 01/88265 1 7 NOV 2004

PCT/ US01/ 16075 -18- 10. The nmethod of claim9, wherein said at |east one

cationi c polgyner TeORRSSH bf Mim 1, wherein said acidic aqueous alumina sol is added to said pulp

PCT/ USO01/ 16075 WHAT IS CLAIMED IS: 1. A nethod of naki ng(‘lpjﬁg‘ﬁ-}:y
a

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 pulp.

5. The method of claim 1, wherein said acidic aqueous alumina sol contains elongated
secondary particles that are elongated from about 50 nm to 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.



conprises a cationic polyacrylanide polymer. 11. The met hpd @fjychggsm 9,
wher ei n saiwoat/sdeast one cationic pol yner conposition i Scuseth 1eti c,
wat er - sol ubl e cationic polynmer containing acrylam de units and cationic
mononeric units. 12. The nethod of cl-agm 1, further conprising adding a
hi gh nol ecul ar wei ght cationic polyner to said papermnmaking pulp, followed

by subj ecti ng0.t heTld5R@BS b Bialn® oNivBde; r Lt . _bhefore addjng said
aci di ¢ aqueous al umina sal. 13. Thg&ﬁl\:ﬁ?ﬁigdatg%@g#’r}gi%ﬂlﬂ%mpﬂ PReFOrRN R si ng

addi N9 8émh@RS b cARBI [ ne to said pulp or treated pulp. 14.
The net hodbof cl ai m@#ﬁ#%‘%@ rrperr'l sing adding at |east one cellulytic
enzyne to sgjd LNt oduci ng sai d aci di.c .agueous alumna. sol to
sai d pul p. 15. A%%%%ﬁé‘fr%%éab% b “rr‘a‘“ﬁaﬂiétala%%?%ﬁaﬁw PPlymer comppeidorgs acl ai m
1. 16.° [ mBKi appar.at ys conprising a supply of an acidic aqueous

al uni nas)?gf)e?ie’i"ar{%usﬁ%%if% onye %ﬁ%@?rﬁ%?%g iy lpmids uefts\and eatipuic mbeeokegnaci di c
aqueous al unjpa Sﬁ; fromthe supply of acidic aqueous alumna sol to the
supply of pgljgrma eHRethRd of clagm < cepiing asiing adigheabl@ulapweighttadonideVvi ce
for formng the treated pulp into a treated paper or paperboard. 17. The
appar at PRYBF te saifl pepeemakipgpudp, folkaied byl mbjecting the sfspénsiondo hibg sHebRRh&HoRU! P
conprises a blend chest in communication with said supply of treat ed pul p,
a fan phafpreiaddiopmaidindidiatijemusaltuninatsble bl end chest, a screen in

conmmuni cation with said fan punp, and a head box in conmunication wth

sai d screen.1318. Theendlpdafalaith 1 0furtRdrabfbsing MIGLEH 1 ank i
provided for holding a supply of the I'Eﬁr:'ealjtlged pgl p, a%ﬁgy?@gwg%gﬁﬁez%ti on
bet weersakibpulp stipgked Judilk and sai d bl end chest includes a refining
apparatus for refining the treated pulp before entering the blend chest. WO
01/55265 1 714NOV 12QQ¢knREWrbigid 4 =19~ .19, .. The aratus qof claim17,
further conprising a white \/vag['gré’rlfg{sjhlz g?lﬁa%sé%%?dﬁimgﬁltggﬁﬁf‘?%e BFIZYES0 has an
inl et iRidGAIFHGheahi: | i.d bl end.chest, an. inlet in communication
with said head box, %&%Eﬁgﬁﬂi‘gﬁqﬁ“ﬂ“c%Wﬁis@éPF%P&Pth said fan punp.

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 with said supply of treated pulp, a fan pump in communication 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.



20. The apparatus of claim19, further conprising one or re refiners for
refining thgq plps or treated pulp prior to formng the ﬂul pNﬂV1 M d head
box. 21. A paper or paperboard made from a drained paper WEB/US8HIfHSpaper web
conprising cellulosic fibers and an aghdi c aqueous alunmina sot. 22. The

paper or paperboard of claim?2l, wherein said sot has a pH of from about 3

to about 6. 133. paper.bpard of, claim 21, wherein said acidic
aqueous al um'lﬁ'a SE{?@& gl% gioﬁéslal% %5“5@8@8’@8&%& BEAer 8l%s that are

el ongated from abgut 50 ..imto about 300 nmin only  one plane and are
formed by edge-t o?"g’%rﬁlg Said biis ‘é’?t%%bg?s o dEtAm eRMmpRipAtian with s4idblond ohestyan
particl g@ having a length on one side of fromabout 10 urn to about 30 nm
when ob FVE&O?W%BGGFP%‘W&H@#%PP& Adaneytelde communitativa yeth said faapenfoar d
made froma drained and dried paperweb forned froma papermnmeki ng pulp
conpri sing céPt ul 85 Wrriabe pEclaimgl a firtiei ainprisigy e0eisr radre PG S refidgg the A
met hod for flocculating particulate nmaterials present in a dispersion,
conpr i sPRY oréeaedpulp pgor th dordiirepthe ilp in saldHeadiBoaci di ¢ aqueous al umi na sot.
26.. The nmethod of claim 25, wherein said dispersion is an agueous .

di spersion. 2R7. Alpeperet basriobrdchaieBodba AMAEE Shitrodi. thid | Qhligind Waste
wat er dispersion. 28. The nmethod of claim 25‘}% I:\F/\&)ner ein E@lgg{%ﬂ cg)l;phé)rnglfl nis a
texti| ecelftdosid filaand an acidic aqueous alumina sol. '
22.  The paper or paperboard of claim 21, wherein said sol has a pH of from about 3 to
about 6.
23.  The paper or paperboard of claim 21, wherein said acidic aqueous alumina sol
contains elongated secondary partiqles 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 cellulosic 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 25, 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.



