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(57) Abstract: Methods of making paper or paperboard are described. According Lo one methad, tibrous cationic coltoidal alumina
microparticles and a polymer dre introduced 10 a papermaking pulp to form a treated pulp having improved retention properties.
The fibrous cationic colloidal alumina microparticles are prelerably z [ibrous cationic acetate salt of bochmite alumina having a zeta
~~ polential ol greater than about 25 and a weight ratio of alumina to acctate of less than abou! 4. "The polyrer can be a cationic polymer,
a nonionic polymer, an ampholeric polymer under cationic conditions, or combinations thereol. The pulp may also be ircated with
at least one coagulant, at least one floceulant, at least one cationic starch, at least one cellulytic enzyme, and/or other conventional
papermaking pulp additives. “T'he resulting pulfsis formed into a sheel of pulp and then drained to form a paper or paperhoard.
Other papermaking processes are also described as is a papermaking apparatus for carrying ont the methods, Paper und paperhoard
containing dried pulp that has been reated with librous cationic colloidal aluming micropuriicles ant polymer are also described.
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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
10 herein in its entirety by reference, describes a papermaking stock including cellulose fibers
and a two-component combination of an anionic polyacrylamide and a cationic colloidal silica
sol.
One problem with microparticle sols that have been employed in papermaking pulps
has been with instability. Becau-se of the instability of sols used in connection with
15 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 Jong shelf life, and can be shipped to a
papermaking plant for immediate or future use in a papermaking process.
A need also exists for a papermaking pulp that exhibits even better retention of fines
20 and even better resistance to shear forces durin g a papermaking process. A need alsq exists for

a papermaking pulp that produces a paper or paperboard product with improved strength

characteristics,



FYi FAN PUW Q REFI NER | HFJD Box SCREEN N ~D (57) Abstract: Methods of
maki ng paper or paperboard are described. According to one nethod, fibrous
cationic colloidal alumina eq microparticles and a pol yngr2aNgy izpy oduced
to a papentaking pulp to forma treated pulp having inproved retention
properties. The fibrous cationic colloidal alumna mcroparticles are
preferably a Fibrous cationic acetate salt of boehmte alum na having a zeta
potential of greater than about 25 and2a weight ratio of alumna to acetate
of | ess than about 4- The polyner can be a cationic polyner, a nonionic
pol yrmer , SUMMARY@FTHE INMENT®N under cationic conditions, or conbinations
thereof. The pulp may also be treated with at |east one coagul ant, at

| east one flocculant, atVleast one cationic starch, at |east one cellulytic
enzynme, and/ orOnstamerodinent avay irgatalto epegecyf maddmbinagion pf fikdelist datiesc cdlloial
resulting pulrais formed into a sheet of pulp and then drained to forma
paper or apiEpes HisgngriiclesiaRe at Igagieperariymer 3 d edeidies aigrsystamder alpanermdng as i s
a papcrmeki ng apparatus for carrying out the methods. Paper and paperboard
cont ai ni MYPdPT Bk UThs tiMays mRationiseeaioidplealt®inaninicrprertisies (rancrielesMc be & | oi dal

alumna ntjcnparticles and polyner arc also described. WO 01/88267 -1-
PROCESS RIS Pt sat 57 RESPYis GTIoR (R OAROB oA CREREINS TS B
| NVENTI ON,.The present invention rel.ates to papernaki pHl ps aper maki ng
or oGes e SVLM PG st BN el i o b BRI BdPuR RBie e B e
from the yul@Sand Bf BRid Bl Ao dificel AREN AiBEALLER L8 RLBSH
treati ng papernmaki ng pu Wt t I'east one mcropartrclhe-""containing
retentio L : ' ' t g have
been adday i SRR niES BBl o e, HHen heRlicTh dehi8d alh) & drfty |
Pat ent  Nenarabb@Es0mdl préteBUG MEBHG o WAHHEfitib 8f AIRGRRROERRAE ofBsd¥BESLBLUL A, 1 TS
entirety by reference, describes a papernaking stock 1 ncluding cellulose
fibers gnd sarf4os0ares POBIGNE r&RNGTitRabAIDMaP reléraBipiberdbeudsloy € Giaiil Tie and a
cationic colloidal silica sol

polymer can be a cationic polymer, a nonionic polymer, or an amphoteric polymer used

under cationic conditions. The polymer may preferably be a synthetic nitrogen-containing
cationic polymer, for example, a cationic polyacrylamide. If nonionic, the polymer can be, for
example, a nonionic polyacrylamide or a polyethylene oxide.

Another embodiment may also relate to papemnaking pulp or stock that includes
fibrous cationic colloidal alumina microparticles in combination with at least one polymer as a
retention aid system.

Exemplary fibrous boehmite alumina microparticles suitable for use in the retention
aid system of the present invention can include the fibrous alumina products obtainable by
the processes described in U.S. Patent No. 2,915,475 to Bugosh, and those described in
WO 97/41063, which are hoth incorporated herein in their entireties by reference. The fibrous
cationic colloidal alumina microparticles may preferably be very stable, preferably have a
long shelf life, and preferably can be made off-site and then shipped to a paper mill for future

use.



One problemwi th mcroparticle sots that have been enpl oyed in papermaking
pul ps has been with instability. Because of the instabili iymgé@ used
in connection with 15 papernaking pul ps, the sols are ofte site
for imedi ate delivery to a papermaking process. A need exists for a
stable mcroparticle sol retention aid for use in papermnmaking processes
whi ch can be fornmed off site, exhibits a long shelf life, and can be

shi pped to a papermaking plant for inf@ediate or future use in a

paper maki ng process. A need al so exists fora papermaki ng pul p that exhibits
even bet tTde pulpsensiooks way élsmesntail©@r hedreated with @t teast anesiosgulant cattieass bear
forces during a papermaki ng process. A need also exists for a papernaking
pul p t hatflopeutant @dieast qrgdider, airlegsh peg prlaca/igmidel at leagl ang datigniosterthsatideasyt h
characteristics. 1 2 NOV 2004 -2 SUMVARY OF THE | NVENTI ON One enbodi nent
may rel atWBeEptie ander ghergopnntpnrhParsAMaing PWP additvedt i oni ¢ col | oi dal

al um na croparticles and at | east one polyner as a retention aid system
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to volunme ratio of the salt may preferably be about 50% or greater. T

pol ymer GRaperB6arad daipriSing:CinBOELCIRI fibréusBatiofiidi GollBighly ABrhina OhicipadidiRBab e i C
pol ymer used under cationic conditions. The polyner may preferably be a

synt het i papérraking pulpamidantrodogng aalbasivng pplygrrsaid EapeRWAMY Bulp, o &l NI C
pol yacrylam de. If nonionic, the polymer can be, for exanple, a nonionic
pol yacr ylt@aiedepup, saig qlojyeidnydompesioy i & eatidhio tphiymee nd owbnivriot patayieralacanr el at e
to papermaking pul p or stock that includes fibrous cationic colloidal

al um na rémpholere triotymes Underc eatiohinaganditionsi ph cambinations thereofp eing rferming tie
retention aid system Exenplary fibrous boehmite alum na mcroparticles

sui t abl etHBQteleS'é inta PAPRY OF BERANRASHH ai d system of the present invention can

i nclude the fibrous al um na products obtainabl e by
A second aspect of the present invention provides a paper or paper board made

according to the method of the first aspect.

A third aspect of the present invention provides a papermaking apparatus comprising
a supply of fibrous cationic colloidal alumina microparticles, a supply of a papermaking pulp,
a device for feeding fibrous cationic colloidal alumina microparticles from the supply of
fibrous cationic colloidal alumina microparticles to the supply of papermaking pulp, a supply
of a retention system polymer, a device for feeding retention system polymer from the supply
of retention system polymer to the pulp or treated pulp, and a device for forming the pulp into
a paper or paperboard after treatment with said fibrous cationic colloidal alumina
microparticles and said retention system polymer, wherein said retention system polymer is a
cationic polymer, a nonionic polymer, or an amphoteric polymer under cationic conditions, or

combinations thereof.



t he processes described in U S. Patent No. 2,915,475 to Bugosh, and those
described in WD 97/41063, which are both incorporated heéeéi Hﬂi n their
entireties by reference. The fibrous cationic colloidal faliu Wa2004

m croparticles may preferably be very stable, preferably have a 1ong shelf
life, and preferably can be nmade off-site and then shipped to a paper mll
for future wuse. 1 2 Nov 2004 -3- The pul ps or stocks may al so contain or
be treated with at | east one coagul ant -3at | east one flocculant, at |east
one filler, at |east one polyacrylam de, at |east one cationic starch, at

| east one enZyiverth aspgtoof thet present onergion ipoovites paapemalpaperbpart pragdd diomiaves .
The resulting pulp or stock can then be fornmed into a wet sheet of pulp or
st ock hawvirgiged pansrwele gaarapamiedrropPoping i teastasioprimrsaidl rested plp compesingrade of
conventional ly treated pulp. After drainage and drying, the resulting
paper or SgHpesiOihary fiRepys ﬁ?&”@r eipidalealymipa iigrpparticles, and gp legslconesisteatien or

ot her physical properties. A first aspect of the present jnvention provides
a met hod SYFERRANRRFT PSS retention SYBEMoRRANBET COMPFPIEY RotaliPHe PEYTET fy"N'BYGus
cationic cplloidal alumpa mcroparticles to a .papernakin ul p_an

bt r oduciPRgmEr. Pz e Refare? et ooty aR R o B Rt Shid
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pol yrer , or - art E4RBRAPEFTEoR 340 ke (iR ddpodng pilteral Eastiiion i e oWy

conbi nat i ’ ] t L0t :

maper boar dad S8R B8 ERB ity WPk b UM D oD eRRRd e s
paper bogfehoRBRSanaA6T Of b BRsb itaRtidiE o edintd. The abdohphnffd GiGlvingd Wit d
aspect of the present invention provides a papernaking apparatus conprising
a supply a8 ifcolyoritsd FRbhd Bbkstif® bopaiebf isuspidatithC NigRd s6VPa, ex@mplappl y of
a papermaki ng pulp, a device for feeding fibrous cationic coll oidal

al um na rEntbogiRnts 6fl 88 drésem inbentish 2Pk togdtherfvithr @asrigtioh) Sdrve to aXdian dad

alum na mcroparticles to the supply of papernaking pulp, a supply of a

r et ent i orprisgipleeni the bresent invantibevi ce for feeding retention system pol yner
fromthe supply of retention system polyner to the pulp or treated pulp,
and a device for formng the pulp into a paper or paperboard after
treatment with said fibrous cationic colloidal alumna mcroparticles and
sai d r et ERIERRDESCRIRHONOR FHE DRAWINGS, sajd retention system polynmer is a

cationic polyner, a nonionic polymer, or _an anphoteric polynmer under
cationi ¢ condifi9-driga figy chart showing’a papermaking process according to art embodiment of

the present invention;

Fig. 2 is a flow chart showing a papermaking process according to another
embodiment of the present invention;

Fig. 3 is a flow chart showing a papermaking process according to another
embodiment of the present invention;

Fig. 4 is a bar graph comparing the turbidity of various exemplary and comparative

paperstock formulations;



conmbi nations thereof. 1 2 NOV 2004 -3a- A fourth aspect of the present

i nvention provides a paper or paperboard nmade from apgq{lmecﬂ]ﬂ!aperweb, sai d
paper wveWxH#pI7si ng a treated pul p, said treated pul ppCOOI NI

cellulosic fibers, fibrous cationic colloidal alumna mcroparticles, and
at | east one retention system polyner, said retention system pol yner.
conprising a cationic polynmer, a nopionic polyner, or an anphoteric

pol ymer under cationic conditions, or conbinations thereof. It is to be
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cl ai med. The acconpanyi ng drawngs, nco q¥ed in and

constitute a marb ol vhti AL Ul W HSHLOLE, SoVEL AL Sxel ary

enbodi nents of the present |nvention and together W th 8BERi $Ei on, serve
t o expl aicBmphfive PhjeRtdcPiRRuigiont:N€ Present invention. BRI EF DESCRI PTION OF
THE DRAWNGS Fig. 1 is a flow chart showi ng a papernaki ng process accordi ng

to ansenbodi NERl 7 @fa bat BEPIPEERER e tERAL 108 Dariobl KeniahSard L1 OW chart show ng
a paper maki ng pr 0cess gc%or di ng }%c}uéﬁiér}%ﬁg?amgé o lrér'gnat“atf?m?%ﬁwﬁr esent

i nvent i opapelstd@k fotmbuftighsf | OW chart showi ng a paper nmaki ng process accordi ng
to anot her enbodi nent of the present invention; Fig. 4 is a bar graph

conparing therigug B ibdr Vor8h sRfidOMS canparative aper st ock
fornul ati ons; WO 01/ 88%%3? ] 21@ %’%ﬁﬁ%@i{%ﬁ{ﬁfo‘%g e-xﬁrf’plﬁ'l'ygf'.“BS is a bar
~gr aph sheuhﬂi@tﬁvégapkisf&@kfogmﬁ&i&i@ve drai nage of 200 m of filtrate from

- ‘paper webs made of various exenpl ary. and conparative paperstock

formul ati ons;Fifl Dis abbat graph Hd%ind HRPRTEHROLE NG ﬁh r@inage in seconds of
various exenplary and ~conparative paperstock S%Hﬁ‘fyaafl?%?a’atwe
10 paperstock formulations;

Fig. 10 is a bar graph showing the %FPAR of various exemplary and comparative

paperstock formulations;

Fig. 11 is a bar graph showing the freeness in ml of various exemplary and

comparative paperstock formulations;

15 Fig. 12 is a bar graph showing the %TFPR of various exemplary and comparative

paperstock formulations;

Fig. 13 is a bar graph showing the %TFPR of various exemplary and comparative

paperstock formulations;

Fig. 14 is a bar graph showing the %FPAR of various exemplary and comparative

20  paperstock formulations;

Fig. 15 is a bar graph showing the %TFPR of various exemplary and comparative

paperstock formulations;



5 Fig. 7 is a bar graph showing the turbidity of various exenplary and
conparative paperstock fornmulations; Fig. 8 is a ba [ ow ng the
dr ai nagwoinnvsgeconds of various exenplary and conpargifm(%g%rstock
formulations; Fig. 9 is a bar graph show ng the %FPR of various exenplary
and conparative 10 paperstock formulations; Fig. 10 is a bar graph showi ng
the %-PAR of various exenplary and conparative paperstock fornul ations;
Fig. 11 is a bar graph showi ng the ?reeness in ml of various exenplary and
conpar ati ve paperstock fo | ations; 15 Fig, 12 is a bar graph show ng the
YFPR of vari%g's i‘%éﬁﬂ% shaAne B FEP AR Of warioys semelascad compastve | ons: Fi g
13 is a bar SQOI’CEQI"I s?ow’ ng the %FPR of various exenplary and conparative
papersto@ﬁpefrornucfrg‘f' té‘ﬁ’&; Fig 14 is a bar graph show ng the %PAR of
various exenplary .an corr%%[lat.iv 2,20 l;gaEer_stock fornmul ations; Fig. 15 is a
bar graph showrng 't ATFEPRIVY N/ Af rSHER ek ¥isrurrmaliey 2 spraramtive e
papersto%gpetsgorcwln%]i ons; WO 01/88267 '1 2 NOV 2004 PCT[ USO1A) 79-4;1 Pig).
16 is a r grap% sﬁ(’)%s’ng the O oFPAR of various exenplary and conparative

paper st ock fogmulations; Fig. .- 17 i ar . graph showi ng the |/ 0oTFPR of
vari 035 exerrglIE 'g'}l[ J '%%%‘&B%Eé‘?"éww&e %Eéﬁélogf’%@ks PSPy Gemparaivei g. 18 is a
bar grap ] the %PAR of various exenplary and conparative
papersto?ﬂp%ﬂgo\réf(ngqggfdfﬁboﬁ@; Fig. 19 is a bar graph showing the I|/oTFPR of

vari ous exenpl.ary .and co rativ aperstock fornulations; Fig. 20 is a
bar graph sggﬁll nlé Th aréﬁ%ﬁ%}&w tﬁ‘?/%%ﬂg%gf@f@%‘f“ﬁﬁwlaa’rﬂdémmi ve 10
paper st ock fprm,ll ations;

‘ Paperstock formulations;

Fig. 20 is a bar graph showing the %FPAR of various exemplary and comparative

10 paperstock formulations;

Fig. 21 is a bar graph showing the %TFPR of various exemplary and comparative

paperstock formulations;

Fig. 22 is a bar graph showing the %TFPR of various exemplary and comparative

paperstock formulations;

15 _ Fig. 23 is a bar graph showing the %FPAR of various exemplary and comparative

paperstock formulations;

Fig. 24 is a bar graph showing the %TFPR of various exemplary and comparative

paperstock formulations:;

Fig. 25 is a bar graph showing the %TFPR of various exemplary and comparative

20 paperstock formulations; and

Fig. 26 is a bar graph showing the seconds required to drain 400 m of filtrate from

paperwebs made from various exemplary and comparative paperstock formulations.
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Fig. 21 is a bar graph showi ng the O oTFPR of various exenplary and
conparative paperstock formulations; Fig. 22 is a bay ygNgph2ighow ng the

" | oTFPRwas n1x@dst Ous exenpl ary and conparative paperstp&hﬁsoﬁmgq}ll ations; 15
Fig. 23 is a bar graph show ng the O oFPAR of various éxénplary and
conparative paperstock fornulations; Fig. 24 is a bar graph show ng the
"YOTFPR of various exenplary and conparative paperstock formulations; Fia.
25 is a bar graph showing the '/' , aPFPR of vari ous exenpl ary and

conparat i an k formulations,- and Fig. 26 is a bar graph
showi ng tggr_%i%%u E'ag(?mwﬂm ltrate from paperwebs
made from varipus exenol ary and conparative paperstock fornulations. WO
01/ 88267 1 2 KERFIE0 I ERERD folgrsiosbout ot a gom A fibropratimiceplaiel OF  THE
PRESENT Iall\llj\r/nEnl}l'l'nlﬂcO\l Tpi pr(gse t invention relates to the use of a conbination
of fibrous catl onFe TENoTRPA e Lagriiian pifl eystsplpt a repesaldnepulp- Moy ner as a
retenti O'}ha%ioge es(’gfem]‘or & paper ki ng pul p. More than one tége of
mi cropart el dRhCTRTREN S PR 219H307° B138 o e polpBeneabe wseh be used. 5
Paper an board products made according to the nmethod preferably

exhi bisfI %)?E%I%ﬁ%%ﬁpcr%%aﬁaarﬁg‘ﬁgé’éadﬁﬁ%fP‘ES’Flgd? Hemehodprefpsnhly phipisiexesdlensr operti es.

Sheet s of fr ich.the paper and per hoard products are made
pref er abloﬁpcglérﬁlssoﬁn? %é@%ﬁ?sérﬁ@e B@é‘?ﬁ&@’@e‘ﬂﬁ% s pelp fragvhich ghegaparon of pul p
fines. T I hrous cationic colloidal alumna mcroparticles can preferably
be' a ca?j:ﬁ %k%p?i{boﬂg pfol%ﬁcrtsoﬂg "ﬁlﬁ%f’rﬁ e&‘%@aﬂ"g‘bﬁf@‘%%m"@gﬁ@fﬁr gacellatie fi brous
~product g&gﬂtggoto%atined by stirring a slurry of water and basic al um na
Bt anti al | y conplete mxing thereof and then reacting
the slurry tonprt%duce 2 fi bﬁoblai cationic acetate salt of boehmite alum na.
The fibrous mclOPartioeceS i gia plmg piepagtcls spreipehlebr 4 edtionit gr eat er
than about 25 and/ or referablly have a weight ratio of alumina to acetate
of Ie@s #%QHS% %%tsalﬁf’f@ﬁlgm L??‘*"HE%TB‘?@%{O‘ES(PW ! Gp e pltaipedtby stiipg ehe salt is

referabl y about 50% ar greater.
P sme R watter and basic algrmna acetate to ensure substantially complete mixing thereof, and

then reacting the slurry to produce a fibrous cationic acetate salt of boehmite alumina. The

fibrous microparticles preferably have a zeta potential of greater than about 25 and/or

preferably have a weight ratio of alumina to acetate of less than about 4. The surface area to
15 volume ratio of the salt is preferably about 50% or greater.,

The fibrous cationic colloidal alumina microparticles can be added in any amount
sufficient to improve the retention of fines when the pulp or stock is formed into a w;:t sheet
or web. Preferably, the fibrous cationic colloidal alumina microparticles are added in a.n _
amount of at least about 0.05 pound per ton of paperstock, based on the dried solids weight of

20  both the microparticles and the paperstock, and more preferably in an amount of at least about
0.2 pound per ton of paperstock. Even more preferably, the fibrous cationic colloidal alumina
microparticles are added in an amount of from about 0.3 pound per ton of paperstock to about

5.0 pounds per ton of paperstock, for example, from about 0.3 pound to about 1.0 pound per



~wWth at 10 | ea

The fibrous cationic colloidal alumna mcroparticles can be added in any
anount sufficient to inprove the retention of fine$ MNOY 288 pul p or stock
i's formedoi/md2er @ wet sheet or web. Preferably, the fﬂﬁlﬂ‘dﬁoﬁ%ﬂ oni c

coll oidal alumina microparticles are added in an anount of at |east about
0. 05 pound per ton of paperstock, based on the dried solids weight of 20
both the mcroparticles and the papx;_rstock, and nore preferably in an
anount of at |east about 0.2 pound’per ton of paperstock. Even nore

pref er ably, 4, fiks jonic colloidal alumna mcroparticles are
added in an a%%ag%;?ogs? H(%rw %%E'%‘%g‘ﬁf’ a&??sk%g?frwrpﬁﬁef(r’gﬂaﬁpatt.fl‘“aﬁﬁlﬁéﬁ“‘é‘t%"ck to about
5.0 poungs,per,ton ok baperstock, for.exgnple, fromabout 0.3 pound to
about 1.0 poff’%l&’ ’pgt?a{/ﬁg‘gfﬁﬁﬁ gre Bk guerdtneraeT usa 1 07951 - 7- ton, based
on dried soli ols! h erstock.. For .pyrposes of this patent

appl i cati on, %’ﬁrg\ﬂﬁt er ?x‘%‘%‘beh‘i”g“ 89'8'3? Bigopartiy 85““5@%@0( Eicd‘bi%‘* reifaEoy s ed

i nt er chaggeadl.y i Brous boehm te al um na mcroparticles suitable
for use in f%’le ?gﬁﬁ%l&tﬁﬁ%ﬁo& ‘2@% P bfo%sﬁg'mb'}aéjé‘gﬂ‘fts ?“ﬁ?f o%Si ncl ude the
fibroys aldiipaopLosHct s descried . in iy R .. 2,915,475 to
Bugosh, and t_hos% desct%?iﬁlégsﬁi %\n 355‘751?%%3'," "gﬂiggwgéeugﬂ’ i #8br por at ed

her el n 1 bk ROk L Sdel B SRaNEE Tl hiold BEOHS Gl AN ool o dal

alumna mcroparticles prefera ave on Y1814 owi ng

can be s ttpREFRAREE AL FioledPor )3V e BB tef PP orgetlf b e use. The
Nt ar B PRI GO AR the SRS SR B Beti R b Bt one.

| east onbsnagmaeBaE R 3oUBE K ARG tlonm BB R PRBHh ehddi 1 ves, or
shoet P SEaOEBE adl hERCel B Boclner. v iR g oor oper ¢ | es.
is pref e?aggﬁ%’ gﬁgégﬂ%}%q%ﬁgg‘%ﬁﬁgfersﬁéﬁ R 0;55'10% ‘gﬁlffégng%mt&‘gﬁsleﬁt t he f!obr zus
R 0 A ) AP
agver oo HaRio hiRpl RIAN pna! Anl BBl PARGLs I SLRLE Dagh of MO POV

is anediumto ecul ar” wei

15 paperboard preferably exhibits excellent opaqueness and/or other physical properties.

The polymer is preferably added to the papermaking pulp after addition of the fibrous
cationic colloidal alumina microparticles, though any order of addition can be used.
Preferably, the polymer can be any polymer which does not adversely affect the formation of
pulp or paper. Preferably, the polymer is a medium to high molecular weight synthetic

20  polymer, for example, a cationic nitrogen-containing polymer such as a cationic
polyacrylamide. The polymer can be cationic, nonionic, or amphoteric. If amphoteric, the
polymer is preferably used under cationic conditions. At least one other polymer of any kind

can be used in addition to the polymers recited above so long as the at least one other polymer



20 polyner, for exanple, a cationic nitrogen-containin ol ymer such as a
cationic polyacrylam de. The polyner can be cati oni1c2%‘hi2ﬁ3ﬂ c, or

anphot eWOd1/88267 anphot eri c, the polyner is preferabl ypaisedimnger cationic
conditions. At |east one other polyner of any kind can be used in addition
to the polyners recited above so long as the at | east one other polynmer WO
01/88267 1 2 NOV 2004 PCT/US01/079%¢ -S- does not substantially adversely
affect the retention properties ofthe present invention. The at |east one

ot her poldyémbt sﬁ@ﬂamﬁﬁl@fa@‘fe?s@llyiéff&?tlh@rcQﬂﬂiéﬁgﬂﬁ%ﬁéﬂ%&ﬂﬁ&l@é&ginvénﬁo R R0l ymer. The

pol ymer preferably has a nol ecul ar wel I'n the'range o rom about

100, 000 tidast cAd6Hér 3Bl HRRrab R 2 BOSniBb &L ut 1,000,000 to
about 18, 000, 000,l pt ough 9% (r)at ﬁer a%?ec‘u?ﬁﬁ%#"gﬁgi% [Sr(l%'si bl e. The

pol ymer can prigfyernal aéef@rsblfhm%;eem&%gxh@fntp(yg%r%g{%flﬂé%l‘%%lﬁt 18@{;60%" c_pol ymer

or a crosslinked polyethyl ene oxide. enp _ l'ecular” wei ght
|1 near Cahduons SO0RRYYRESre (RitkaP R 5LRIDORDRAE G o AdlobARNGh O, Use 1

t he pul ps and net hods of the present invention are destri’bed”in U.S.

Pat ents Nofer olddaihr wdBhtahtd pdssiBik3, 775, which are both incorporated 10 herein
in their entireties by re]Perence. The polyner is preferably added before

the various sTigpbfymesnh phedly haki n@ieo&l'&?wea@ﬁ}%ﬂéa@a%bﬂ%g&%nﬁ%%?§ . The

fibrous cationic colloidal al'umna mcroparticles can ed” before or

after ! heowhtedystyshfilokRBticeififg hieh niRSul whiDR LRAPERIRK gnBL 0CCSS.

According to sone enbodi ments of "the present Tnventlon, pol ymer can be

- added betal ek headprit@s sfibie R L@ o hilbd &hﬂ%khoﬂéedfmgag%éér&n%&%%“ cles and

- ‘before at |east one significant shear ep int ¢ Ki'ng process. |f
d b Gl

the pol y@RIdedchibcid asls bef . 1" hOQS al um na
i cropart i cles. the e cregggﬁ ?gls%?éllacagﬁ%bggg’zlé%e%&&ge ore or rg?r?tgcsn a final

shear‘[ostg@ei@fnthagenﬁ%gequgfgeﬁ& process. Although it is preferable to add
the polyner to the papermaking pulp before the |ast shear point in the

paper maki Ng. PR BRser kfifeRBly HRkd 6a8ke i, ARGH-AlAGI: SOF defSle 20 Shear

point. The fibrous cationic coll umna Mmcroparticres preferably

pref er abl 3 parrEA o o i g LAl Rl s BEMHREC ' O
parti cl epefwe bhifidr thB Qarfhu@&knifdatk shéP st Q¥ hg‘%aﬁé%ﬁc?ng%froc@és:[@c%gr%%ttd
some embodiments of the present invention, the polymer can be added before the fibrous
15 cationic colloidal alumina microparticles and before at least one significant shear step in the
papermaking process. If the polymer is added before the fibrous cationic colloidal alumina
microparticles, the microparticles can be added before or after 2 final shear step of the
papermaking process. Although it is preferable to add the polymer to the papermaking pulp
before the last shear point in the papermaking process, the polymer can be added after the last

20  shear point.

The fibrous cationic colloidal alumina microparticles preferably form bridges or

networks between various particles. The polymer is preferably partially attached (e.g.,

* adsorbed) onto the surfaces of particles within the stock and can provide sites of attachment.



WD 01/ 88267 2 Nov 2004 PCT/ US01/07951 -9- Aqueous cel lul osic paper maki ng

pul p or stock can be treated by first adding the po \FOZ[I e pulp or

stock, Wwoldieywed by subjecting the paper stock to hi gﬁ%ﬁfﬂwg ndi ti ons,

foIIovved by the addition of the fibrous cationic coIIo Ui na

m croparticles prior to sheet formation. As discussed above, the polyner

can be cationic, nonionic, or anphoteric under 5 cationic conditions.

Al ternatively, the polyner can be afided si mul t aneousl y with the fibrous

cationic col Igl dal a m na mcroparticles. Preferred cationic

pol yacryl ani d %“cf"b';rce 831%1839[:'[‘1‘@1‘%“%?@&0? é‘ﬁ"l%%‘t'@rﬁeﬁfé‘ﬂ Yyrfirst adding tHescri bed in

nore det a|{y et gﬁ g& Loonl c polyacrylamde is used as the cationic

pol yrer , ﬁ‘g ¢ P'ﬁﬁ?rcsmﬁ o @F?PWJ%‘“E%P%V%O%tWY@EW eandifieisght i n excess

of 100,0 € P‘b‘% era 0 has, a, | ecul ar, wei ght of from about

1, 000, 000 ERG T 6'66 t é°“&6%‘8?'ﬁ loig@l abyminareicropagiceatior tasticet he i br ous

catl oni cfé:ro é g al mbna m crg{ parti cI es, preferably provides a suitable

bal ance betWedh ??'écé‘ﬁ%% 0ve dGRelmen g b Fatignicnopiapie.ioh pmphgtstid uisieper

for mati on LRt e g kand res‘ ?nce to shear. The pol yner conposition of

the réten ‘n"%‘@ {8 Ematyglhs pobaner %i‘ﬁﬁﬁl?ﬂde‘E‘F‘éE@FQPélyﬁ"Ghth!ﬁb@ri%f erably

i nprove t e dr retentjon of the pulp conpared to the sanme pul p but

havi ng IOBl‘fl @I’%&pﬁ?r@g‘éﬁ‘fcrof’?ﬁ'@ebol ymer is preferably added in an anount of
ymer per ton of paperstock (or pulp),

at | east abo Qund

based on theuéwoﬁff‘iitcag lﬁlPP%‘Efr)g%'i“ijﬁsf%Fsebﬂ‘ftthe retefsion sysiemepolumat arhe

- .papersto% oril d mrgﬁg[% in an anount of at |east about 0.1 pound
per ton OF% a%&‘a?'a 'ﬁglc ipeic pelxprrylamideisaardianthe prtismippaiymat £ r om about
0.2 pounque% onlof éaaFerstock to about 2.5 Pounds per ton of

paper st o¢ B’E\%Bﬂy"ﬁﬁ/ e G FaéfBaB‘Bﬁc?‘ﬂPéW\ﬁBF‘gﬁt’xceﬁﬁP HRE0p anderefirabik, t hough

ot her angunts lc%ga B‘S§%€ 8 Q}K a cationic polynmer or an
anphofer I'e p'B?ec F Waig ﬁ't"}bB'r’ﬁleoo £ ?i’idtllg&q%ooq Abe onmbingen ¢fsher ef er abl y

added |n f from abo rans to about 500 '1 2 NOV 2004 WO
01/ 88267° gqfo‘%%‘f catjoqic @q']l gide! % jpIng gycresagiclss peefesably rAvidesdr v basi s,

nore pre b ut 20 gra to about 200
P ];u:tagl Le)fance betwee geeness de ater{rgg, fines retention, good paper formation, strength,

and resistance to shear.
- The polymer composition of the retention system is added in an amount effective to
15 preferably improve the drainage or retention of the pulp compared to the same pulp but having
no polymer present. The polymer is preferably added in an amount of at least about 0.05
pound of polymer per ton of paperstock (or pulp), based on the weight of dried solids of both
the polymer and the paperstock, and more preferably in an amount of at least about 0.1 pound
per ton of paperstock. The polymer can be added in an amount of from about 0.2 pound per
20 ton of paperstock to about 2.5 pounds per ton of paperstock, based on the dried solids weight
of the paperstock, though other amounts can be used. |
If the polymer is a cationic polymer or an amphoteric polymer under cationic

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



grans, and even nore preferably from about 50 grans to about 100 grans per
ton of paperstock on a dry basis, though other anpuhiND\c@Bjibe used. 1f the
pol ynerwpsig®t1 oni c, any cationic polynmer or mxture ﬁd’r‘flfs%ﬂfmgf’m be used
and 5 preferably conventional cationic polyners commonly associated with
papermaki ng cart be wused in the pulps or stocks of the present invention.
Exanpl es of cationic polyners include, but are not limted to, cationic
starches and cationic pol yacryl am dé- pol ymers, for exanple, copolyners of
an acryl 'dseérvt\g') tog a c;ti_oni c mnoner, wherein the cationic nononer maybe
in a neutralraed GPRGERERT a1 GioH Prefebly Fom Sbyhita#nsigeatent20bni ¢ pol yner s
are pref d, ;210 Exenpl cationi c pononers which may be copol yneri zed
with acr%[aglgﬁ R gﬁﬁ’rg{ﬁ‘%@?’gﬁ"f“e optaY BHRME 1 3P HEPE @e e toa@Eor di ng t o

t he pres iLnvention, .include am no al kyl esters of acrylic or

et hacryﬁ%rsféﬁcg?g%'ﬁga%{&?‘f PHIF e G iset neutralized or quater ni zed

form Exenpl cationi c manoners, and cationic pol yacryl am de polyners are
descri bed in%%ﬁ.e§&$§?%ﬁ¥‘°%.aﬂ3ﬁ?"§§%f’ Rt Pr BUF A thetgof cande uged and whi ch i s

be. a. ol (P eMsiondl el P BB sR S e i " PRk e b o,
1-trinmet ' - hyd | net h | at t hosul phate. Ot h
oxanpl s T S BB S REPEHRLeRRstEen. el rben PR tele,
,horrgzgol ynmers of am noal kyl esters of

h | fdial |yl ani : .
crylic on §‘°gf‘“ﬁ‘§d§%?’§/5’ﬁi%ﬁ‘§g?"gonE‘EFiQ'&'F PRRgFryM Il polymsss, fop prampleo .

acrylic acids, a

. 4,894, 11 -polyners. fer-polyners, or higher fornms of polyners may also
- -be used. ﬁryf"ﬁlgsro {-‘% 8'?'%5‘3}{93’6@gg&%?""f“ﬁ%"“b‘i‘é’%@ﬁ“q“'rf@%‘ﬂ‘fq“&ﬂ’if’mﬁwm ure of two

or nore inpaorll%gaﬁlrzsd rrac?{l tbe.g(f d. VWO 01/88267 2 NOV 2004 PCT/ US01/079-51 -11-
I n enbodinment s wnefr el A tH 1?9811‘ PECRGPRIAINMG cafiopigPPYARE apsarrsfeready | ani de,

or of &0 Py, Soh, iPoiFe Jriarcagt b appstir e impitopemimiedoram |y | n an
anount ofm%g,“gcraggtierolt han 9% nol ?i/o From about 5 nol % to about 70 nol % of
the pol yREr s praf BYYRT APt Freefding fnihe peestnt Bhsrtion drgkisis amise aligl The

paper mak|j | p.or stock.can be conventional type, and, for instance,
can con%%?s n&lé‘érﬁlcu ro“sléethaf: %l py ‘gﬂ%&t‘iﬁ‘?@ﬁ%e‘%ﬂ}eﬁ‘i‘ﬁlﬁﬁd% qugereieed r ati on of

preferab }'oXn.%xerlnglg:%ftcat%%%lfntOHOmers and cationic polyacrylamide polymers are described in
U.S. Patent No. 4,894,119 to Baron, Jr., et al., which is incorporated herein in its entirety by
15  reference. | |
The polymer may also be a polyacrylamide formed from comonomers that include, for
example, 1-trimethylammonium-2-hydroxypropylmethacrylate methosulphate.  Other
examples of cationic polymers, include, but are not limited to, homopolymers of diallylamine
.monomers, homopolymers of aminoalkylesters of acrylic acids, and polyamines, as described
20 inU.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 more

polymers may be used.



50% by wei ght of the total dried solids content in the pulp or stock. The
retention systemof the present invention can be qd?eNOVCWMhny di fferent
t ypes owopapsxmmeki ng pul p, stock, or conbinations o‘éﬂﬂkﬂﬁwgglstocks. For
exanple, the pulp may conprise. virgin and/or recycled 10 pulp, such as
virgin sulfite pul p, broke pulp, a hardwood kraft pulp, a softwood kraft
pul p, mxtures of such pulps, and_the like. The retention aid system can
be added to the pulp orstock in advance of depositing the pulp or stock
onto a paper | M r 0ck containing the retention aid
system has g@gﬁmgﬁﬁﬁﬁg?gggﬁﬁ?E??méggﬁ& %ﬁ%ggP?H&Wﬁﬁ$¥W$;P8FWﬁPion of the

paper web a kol o6 or e[t o%k alsc exhi bits desirabl e high
retenti or?@lgg‘ BIEB? Bﬁs%pﬂ%ﬁ%ﬁb&%ﬁ- %Ftl "IQteh?é‘)pl%hmt he %"agﬂ AHYPHAGEES! under

R e Rk G SR e S L e A

to the retention aid systemused In a ance W W8¥t i nventi on,

t he paperd®siivg Mgf&gpg&rg&l&pq@%ﬁo%dt Lt hgati resent invention may
types o

further contains other mcroparticles, f Sr"®Bfpl e, a synthetic

hect osi te i Cri@paldhall A kbdSan 6%, Bln BRIR 3D AT SLENL L YRS Of

. & [=3 . .
secondary m croparticle additives, eren mthe ationic

col | oi dakordit BHIINBsd s AR ol S hGediTBY a%%%&%g@ﬁ@%&gﬁ%%g@wgﬁﬁ ;lme during

the process. The secondary mcroparticle a or

synt het | 6ofeg beighlof the REAWADI b its &R ol @URE HAl oy g spl - Or any

conventional particulate additives as are W SIRPP P VO

01/88267 2yt BASOR G 4SRN ORI kit vl e, ALk FXRILET ¥ synt het i ¢

~hectorite mcroparticle additives inc from Laporte

| ndustri : t i 1Cr rticles described jn U S _ Patent Nos.
5,571, 378‘52?1113%%"56)?@“]%%@%%|P§f1&gr§%19:?% E)Jh%‘?ya 'élar’ﬁ‘?é'frg’i“ﬁm{j‘?{r?cﬁéf‘dr entireties

2 synthelt e bt SRR ol DR OGS Slop SRR vy

a synthetic hectorite m par

effectiVﬁm@mguﬂgmm§g$paﬁ§m;ﬁ&nlabout 0.1 pound per ton of paperstock
based on the dried sol'ids weight of both the microparticles and the

paper st ook, bl QepOURUE RS i aeBl IR Rl e BtV 1 @

synthetic hectorite mcroparticle 1s , the pulp or
st ock i Np@poierBttto Phapk HRhAROUYE g) 09,90 (Y0351 S sper, ton of
P Thepulp S i inf rgs ; ;
paperstock to about 1.0 pound pefg{ n o? papers gbk?E BRAGSBH™ri ed sol i ds
wei ght  has been found to exhibit good dewatering during formation of the paperweb on the wire. The
15 pulpor stock also exhibits 2 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 retention aid system used in accordance with the present invention,
the papermaking pulp or stock according to the present invention may further contains other
types of microparticles, for example, a synthetic hectorite microparticle additive. One or more
20 different types of secondary microparticle additives, different from the fibrous cationic
colloidal alumina microparticles, may be added to the pulp at any time during the process. The

secondary 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



10 of the paperstock, though other anpbunts can be used. In addition to the
fibrous cationic colloidal alumna mcroparticles r d system
used i nwaom@sxdance with the present invention, the pa ?@Pagh @E puI ps or
stocks according to the present invention may further cont ain

coagul ant/fl occul ant retention systemhaving a different corrposi tion than

the retention systemof the present,jnvention. 15 The paper nmeki hg pul ps of
the present invention nmay al so contdin a conventional papernaking

pul p-tre as cellulytic t|V|t . Preferabl t he enzyne
conposi t?g%hga éxeg'%?' %’"?‘eﬂ 5?‘??‘3%[“?%? Hicke ff"e\%“?]%)/d Léﬁ’ﬁ%%’aé‘? leymes and
enzyne-c 05|t ons | C| ude those described in U S. Patent No.
5, 356, sogfbtt"gt%"ﬂgé“sdgsqn% PRMfietS mimonepistes clssorbed 907 BRaiem8dion | ed

February natl onal Publication No. WO 20 99/43780, all
i ncor por ast25 éé 3?192%35%?%?%34‘6 Wéicﬁ TEARCPatefed B‘W‘ ‘Fé‘?"érrcéﬂ'@’ées bprsfeencex Enpl ary

paper maki;ng, 0 nes a e BUZYMETM 2523 and BUZYN ETM 2524,
bot h avali[;tl'%ab?‘linn;1 ?ﬁ% Ckso 'i¥_' '3?35 'BYEE PRI ERRTEE micreparticlenenphi s,

Tennesse tic enz C ition prefer abI cont ai ns
from ;Sboﬁg d'é”%t%‘g%ﬁé ﬂtt i o a ECX © W/“b%‘nﬁ a %E%\?%%Qtﬂ RAE pet

Further Camars s y“‘@h%“ega@% R0t e vt o6 m?pase?stoci,st;t' on can
Convent | o “IbHACRe il %e%ﬂoafé’éﬁ%ﬁ%ﬁa SRS BR r earaar | bed 1 n
U3, el e 00 o TR B O R bt B, B

wei ght t enz based on the dry weight of the

pul p, fo eﬁggn%?p%rsgbfqr orﬁgé m%tpgwdé’ﬁ'gm&%p%i’ﬂ%PaS?Qf“é‘é'é@lio"éS WEghtby wei ght .

In aqpre odi ment, of th i nvention, an enzyne conposition
is i r{l?:l ugﬁgéﬁﬂ ,?{(?EL Othergr{l%l'é% g’h ‘E tal ns at |east one pol yan de _
amoant 1 oaQ?aIEL?c“.“%ﬁ? e s N T A S Y
cont ai n| ﬂﬂ{ rmerts and egz rres fe described in International
Publ i she gkg‘pp ica | on dYFHPRdae ing pulps,erstogesagroetingterein in its

entiretyghy Leat n enzyme co ion is included, it can include
a conbi nat ?ﬁgrs] OF&'%ESW#ﬁtr%%rm%?%f‘&a&‘i[;ﬁg@%ﬂ%‘gm%@“ 8ifsyrhevissAposi ti on can
i ncl ude, dtffﬁrent%ﬁlg&tt%h tfin BRTE én@ig‘rtl Isy?tgm of the present invention.

15 The papermaking pulps of the present invention may also contain a conventional

papermaking pulp-treating enzyme that has cellulytic activity. Preferably, the enzyme
compaosition also exhibits hemicellulytic activity. Suitable enzymes and enzyme-containing
compositions include those described in U.S. Patent No. 5,356,800 to Jaquess, U.S. Patent
Application No. 09/031,830 filed February 27, 1998, and International Publication No. WO
20 99/43780, all incorporated herein in their entiretics by reference. Other exemplary
. papermaking pulp-treating enzymes are BUZYME™ 2523 and BUZYME™ 2524, both

available from Buckman Laboratories International, Inc., Memphis, Tennessee. A preferred

cellulytic enzyme composition preferably contains from about 5% by weight to about 20% by



15 lipase and a cellulose, and optionally can include a stabilizing agent.
The stabilizing agent may be a polyam de ol igomer af 2dRa¢r2fied herein. One

parti cuwarniggei tive for use according to the nethods ﬁw %?0 gfsent
invention is a cationic starch. Cationic starch may be a 483t o the pul p

or stock of the present invention to forma starch treated pul p. Starch
may be added at one or nore points along the flow of 20 papermaki ng pul p

t hrough t he paper naki ng apparatus or~system ofthe present invention. For
instancemlcl’;}tt inoni C ét aéfch can be added to a pulp at about the sanme tine
that the "SC die Ko QRRECTeS Hre S OwRRSiioR canfurdher peatairotystivlsne gyceker abl y, if a
cationic rch is enployed,. it is added to the pulp or conbined with the
pul p pri (l)]%}y o gﬁ?"?’d’&ﬁ@'ﬁ"ﬁ}éﬁfﬂ'g"?"r BF%&"’@‘&E'P&HP% LYsEriRs water andatiena WO

01/ 88267 e 2001f PCT/US01107951 -14- microparticles to the pulp. The
cati oni ccé ¥ gﬁzﬁmﬁlcf’@?’ﬁﬁ’["f‘ﬁé‘%@v‘eﬁjﬁs 3 grampin gescyibedan At RatertdNe he  pul p

ft th s first t fth : | ant, bot h.

br ef er r o St P e LR HE SO 1 bl B> Greenie! FTAtRb sihedin apot at o

st ar ches st arc d ot her wet-end starches, or conbi nations

t her egf : a‘gg'%gér}f\;ﬁgﬁﬁ%%‘ﬂgﬁ%%ﬁﬁvt% 57 2bgptY @ﬂ%@éiﬁ"elg@teﬁma%ﬁéoﬁth@%ul p. An
exenpl ar t of _starc hat, can sed according to the present

i nvent i oﬁ/egg%? .Elg %ugb%ﬁ?xagp{ébﬁ%ﬁtﬁf“%?g/bg%‘dg‘ghtﬁ%‘?bc‘t‘ felyerigh t he dried
sol i ds wei ghtm%f tfgr?edpgnla)@}am%gifﬁgé‘ig%reqsmﬁ be added to the pul p in accordance

with conventiondl uses Ht RY5RYR R SEEYPE SemBsdion iFor exanpl e,

-a biocid .be added to the treated pulp.in_a blend 10 chest after the
“hul p hasﬁ%@gérg “tlﬁ“eazgf'@é’r\s/\tno‘f R E%P“WWdWQOWIaMﬂQ%tWQCi des usef ul

inthep r in ul ps accqrdi fo the present invention include

bi oci des@f%ifr?%ﬁ%%ﬁw% IS rErgRtdn @’I&?fg‘f“éa‘l‘?imfﬁ’étaﬁ&"?‘; the eseyres Bxqarniary bi oci des

avai Ilgbl gnzf rom Bucl&man Lahor at O{i es |International, Inc., Menphis,

Tennesseé Y SucH RS BUSANNNIDE Sopyride ofgomars apd epaymss grekdesgibed e pr esent

i nventio additionally he tr ed with one or 15 nore ot her

conponen née,rrr'%?{?\ng Fg‘&’:“ﬁ*&gg‘@r"@{%%f\’%ﬁ‘@ﬁﬁ Y45 0 Whck isdrrgrmeetrdihensingn o1 yer s,

clays, g E)rb bri ters, dyes, pignents, defoaners, pH adjusting agents such
m CT

CICTENCE. . . .
as alum I'O0ci des, and other conventional papernaking or processing

addi tives. The e rrgeic:[oi ves. can, ble?tﬁ%d'ded b f%r e, _duri n%, or after
i ntroduction of ThETPEPRIRCTILINFHIRCT ta8) inglids A combination ot fraerainae ti cl es.

different enzymes. The enzyme composition can include, for example, a combination of a
15 lipase and a cellulose, and optionail_;,r can include a stabilizing agent. The stabilizing agent
may be a polyamide oligomer as described herein.

One particular additive for use according to the methods of the present invention is a
cationic starch. Cationic starch may be added to the pulp or stock of the present invention to
form a starch treated pulp. Starch may be added at one or more points along the flow of

20 papermaking pulp through the papermaking apparatus or system of the present invention, For
instance, cationic starch can be added to a pulp at about the same time that the acidic aqueous
alumina sol is added to the pulp. Pr;eferably, ifa cationic starch is employed, it is added to the

pulp or combined with the pulp prior to introducing the fibrous cationic colloidal alumina



Preferably, the fibrous cationic colloidal alumna mcroparticles are added
after nost, if not 20 all, other additives and conpqn%n amg;*added to the
pul p. Twgseskdse fi brous cationic colloidal alumna ”LEE%E’&F&;H' es can be
added to the papermaking pulp after the addition of enzynes, “~“Coagul ants,
flocculants, fillers, and other conventional and non-conventi onal
papermaking additives. 1 2 NOV 2004, WO 01/88267 PCT/ US01/ 07951 -15- The
addition of the retention systemi n'4ccordance with the present invention

can be prrﬁigrtoi :?rFq gnt rrﬁlat T if not all, conventional papermaking machi nes. A
f1 ow chart  oFACESANEr RER THe alionis staselrea altematiyaly Ry adliffongllyde added fagheret hods of

t he presp%pt ﬂ:ierntYentii onqi S se% forth in Figure 1. It is to be understood
that the fSysTem SRORA T8 reaewithay qpyme p cpagulant axbath Prafrsacitisnicand is in no
way inte g restrict the.scope of the invention. In the system of

Frgur e 1 el Bl bi' o ot e CE o s Bt Bt ptess ek

concentr at.| s conmbined with a flow ng stream of papernmaking pulp to form
a treate {a\bcﬁlPsp}.)rco %‘e“a‘é°l5‘f>g‘r"'&9°%f pul p shown represents a flow of pulp, as for

exanplee, supplj frama pul ol ding ,tank or silo. The supply of pulp
shown i n Fi gu?‘é&?m@g aﬁlgu‘gs ggﬁﬁgf?“%eﬂg??ﬂ'i A ey An gremplprramauatet ank, or
ot her co L assageway, .oy mxing zone for the flow of pulp. The
suppl y g@@ﬂ‘%@%‘%%ﬁ%@%@?@f‘%w %PﬁeSB‘Ef“%F'H%ng%@%?b@}“ o H’Eﬂutﬁﬁ’@gl@@ﬁk havi ng an
outlet i 0 icatio jth an inlet of a treated pulp tank. The pulp
treated erttﬁn%y@r}sﬁwgé‘m‘?‘bg?gﬁti%wP'élp-passed fromthe treated pul p tank
~through a refj\rger. and th t hrough a bl end chest where optional additives,
for exanple, 4% B‘B%%’lag%flt §PURIn EsREsERRE YV iRicoRy ctipaaliuses af igcigasl p.  The
refiner ti1asa grna{f.nl et in gomjruni cation with an outlet of the treated pulp
tank, and &R 0dt PERTOFRCE SHATIHPRIS R Pigtdeimestbesdded i the tregted pplp in flendd chest .
Accorgi n@hés?aﬁ%:giﬁe eﬁrjrbk%ggrrent of Figure 1, the pulp treated in the blend
chest i s passed ™ 1% N BefFqdith i opfinmalsnayes anf plymerieridshussfubionmuni cat i on
to an inlet aofrm%\_irracu ine chest = 20 where optional additives may be conbi ned
Wi th the TrPaBFRERg Fulps acopkding to the prpsertinveion incipderhiocidse vell kegvide of any

conventi . . kpown to those skilled jn the art. The nmachi ne chest
ensur es %@e@%ygﬁgap? Fhiyr gramply @B‘H‘i‘?lseﬁﬁ'f"‘ﬁeegg‘ﬂr%ucﬁﬁa‘% kabargterigsed pul p or

Stock ! NERGHGND, h SR T EE R & s Alnd iy St em particularly at the

The pulps or stocks of the present invention may additionally be treated with one or

15 more other components, including polymers such as anionic and non-ionic polymers, clays,
other fillers, dyes, pigments, defoamers, pH adjusting agents such as alum, microbiocides, and

other conventional papermaking or processing additives. These additives can be added before,
during, or after introduction of the fibrous cationic colloidal alumina microparticles.
Preferably, the fibrous cationic colloidal alumina microparticles are added after most, if not

20 all, other additives and components are added to the pulp. Thus, the fibrous cationic colloidal
alumina microparticles can be added to the papermaking pulp after the addition of enzymes,

coagulants, flocculants, fillers, and other conventional and non-conventional papermaking

additives.



- the screen a

1 2 NOV 2004 WO 01/88267 PCT/USQO /[17951 _16- From the machi ne chest, the
pulp is passed to a white water silo and then to a flad NﬁﬂnﬂmwThe retention
syst em woloysgxy of the present invention is preferabl ypdiidapgsed into the
flow of pulp between the silo and the fan punp. The supply of retention
system pol ymer conposition can be, for exanple, a holding tank having an
outlet in communication wth a 5 line between the white water silo and the
fan punp. As pul p passes fromthe an punp to a screen, the fibrous

cationic col lgidal..al ym na mcroparticles are preferably added.

Convent onal - Diiegiich ot MerTt SR I soferddmnngh Pomresint Ao a8e | ng
conventio%%hxgggkgkygst’gan be. used. The scrgened pul p passes to a head box
where a we TretC Mb CRYELOBH PRIRYEE "A50¢F ai ned. I n the system of

papers
Y L R R W
the roft Reer PeaPBh SRRl e Rl e PuS il v i  fan' purp.
Ine P TR i BP Bh Fend5e FSRPATBeERS B 2T 1D
b1 cna coniSPentn e el R il ibemalion el ot e orpodiatoe A 1 o vat o
L e R
The sor cart SRRTRLaEe SR PR ATiaothyfntt PoReie HEPRUABTUORI? 20 The -
e i e T R S e
2 RO PR e e e piigins B bf Baafipire s fugal
o BB B eERecER, B A, BP0 SRk b e 15 P
communication with an inlet of a treated pulp tank.
The pulp treated with the enzyme composition is passed from the treated pulp tank
throngh a refiner and then through a blend chest where optional additives, for example, .a
15 biocide, may be combined with the treated pulp. The refiner has an inlet in communication
with an outlet of the treated pulp tank, and an outlet in communication with an iln]et 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 through a communication to an inlet of a machine chest
20 where optional additives may be combined with the treated pulp. 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.



above. 5 EXAMPLES In the exanpl es below, various conponents used in the
exanpl es are abbreviated. In the ﬁ(a_rrgl Fs, I 'er;ien;o > NENt Zﬂrl}ﬁ_egt |ef ;gf] as
" o ol fibrous cationic colloidal a !
a\cl)glit ?ZW?"#’%‘% Associ ated Cctet. Wien foll owed by a nﬁéﬁ#@'ﬁ?’&’gjf”*{/m ue, for
eXérrpI e, Cctasol 0.5, the nunerical value represents the amount of pounds
on a dry basis of 10 the Octasol mcroparticles per ton of paperstock based
on the dried solids weight of the 'I&E\perstockd " Cct aSO|d :%.g",_fp(r)f eé(él{rglsgi
means the paperstock is treated wth 3.0 pounds on a ry basis
per ton of pgﬁ%'ﬂtfeor&%hﬁ'ﬁgléeat’gﬁpf‘i?és msieé??]§dg‘;tg§r:;?ﬁ€2§?g‘:) ?‘Sf;g;\?iapﬁﬁgr:; ?n(;k.
iation "XP9" used in sone of the ex ! >
Octasol VO RHTREnth Tt ol Geroeinstion mefgeblginteduasiintethe The
abbr evi ahi on "78%" al s represent s 15 the sanme Cctasol product identified
as " XP9" 'amdT Bup! &’F%{'stgff B0} 49 iy a‘éf‘ﬁ%g@f Sb@%ﬁﬁ‘z‘?‘ﬁ’ff‘ :T?fgﬁlgcsmgg o?icg ?Zgl
. int es belowis identified )

oot g? C;s at“?‘a{%% a‘d;g,gf?},eﬁlw{,]% %ﬁﬁ%@é‘dﬁvwﬁ ap putietin gemmupieignvits 2317 and 1318
i Lfi i Table.8. In.the ex | es bel ow, the abbreviation "594"
- epr eSent & R RE s yars AR §5 8 v anieiehani ey o o
| nt er nat | | .. lRpc. ich i i gh .ol ecul ar wei ght cationic
pol yacry%cg%l&dteh ehﬁ@ﬁo%sg@f?"gv‘é‘ﬁlgﬁépr?g’fr%‘&,"’ul"a?mlﬁé‘i‘%t ap fPrefergbly aAsded 5, 000, 000
to about  ,.Q00, 000 units and a 21% charge density. The abbreviation "5031
repr esenfd E%\‘—)Ew e TPEPET 1 gpinectop sHihiritokveng corMsationelgdditives

Internatjonal lnec. . which is a |ow H‘D| ecul ar WO 01/88267 1 2 Nov 2004
" PCT/ USOlkaﬂ%ﬁfd'%gécr%‘fdd’Hlpp&%??ﬁtﬁﬁi‘?? BOF Whete Hect papsishrst iamads@wa wirar ge density
and a nol gcul.ar . ght intt e Lange of from about 100,000 to about
300, 000, 4R, FEOF Brseghot toe 1 dained b sopliny Fomepsemihng e CcP2"
rep,r%enﬁs PCJ_YF.LEIX 2TM . bot h ayvail abl e from Bucknman Laboratori es
| nt ef Nat FBASr B Pty the whifewate sy oni ¢ i cropol ymers used as '
m croparticle ret entt)i on systens. The abbreyiations "5450" and " XP8-558R
repr esent BUE'L&(?'S‘ iRt ey myFigure % ihgdibrons sationis rolleigali deminat er nat i onal |

i i i.oni nthetjc hectorite mcroparticle system
Inc., ‘ lelnf:cpoplaraclg‘s aé z:chdE:)Aq fir(s:t tc? é{le refined treated pulp between the whitg water silo and the

fan pump. The retention system polymer is added after the fan pump and before the screen.
Another embodiment of the present invention is shown in F ig. 3. A pulp optionally
15 treated with a cationic starch is refined, passed to a blend chest, passed to a machine chest,
and then passed to a white water silo. Between the white water silo and the fan pump the
retention system polymer is preferably added to the pulp. The fibrous cationic colloidal
alumina microparticies are preferably added after the pulp passes through the screen and just

prior to sheet formation in the head box.
20 The apparatus of the present invention can also include metering devices for providing

a suitable concentration of the fibrous cationic colloidal alumina microparticles or other

additives to the flow of pulp.



The abbreviations "silica", "8671 ", and "N 8671 represent powdered silica
avai lable from Nal co Chem cal Co. under the traden'a V\lga 9 8671". The
abbr evi WO 0448267 or g 21" and 10 "org" represent CRGAN%QU w7ayai | able from
Ci ba Geigy, which is a high nol ecul ar wei ght pol yacryl am de cationic
pol ymer having a charge density of from about 20%to about 25% The
abbrevi ations "Bentonite" and "Bentj;represent a bentonite colloidal system
avail able from G ba Geigy as HYDROCOL O The abbreviation "5376" represent
BUFLOCO 5376 A cfMr It ‘ ries.lnterngtional, Inc.,
@Qk:ﬁnﬂl& QE@nﬁ%’f%{Tﬁ{Ibc l:l@gﬁrgﬁacfe?ﬁc%ﬁ n be Hla%os Lt \;:{we 31

which is a cationic 15 diallyld I"anmori u ori |n§’a 95% char ge
density aBdnsanb® ¢l i Y he ahhrevi ation "606"
represents " BUFLOC(r)pﬁ‘ES1 %@t@;&g%?ﬁﬁg&? Eooaﬁ?gfutcg%gjﬁﬁ}%% or & or ?gs
Internatisesal , Inc., which is an anionic polyacrylam de having a charge
density of from about 30%to about 32% and a nol ecul ar weight in the range
of from about 14,000,000 to about 18, 000,000. The abbreviation "5057"
represents BUFLOC(r) 5057, available from 20 Buckman Laboratories

| nt er at ippAleLESYC., Which is a non-ionic polyacrylam de having a 0%
charge density and a nol ecul ar wei ght of about 15, 000, 000. The abbreviation

1597”1 epr e et oxbfibdtloh vixBlo cofliHeh 3Bl if t@?ﬁ%ﬁ%&éﬁ?&bﬁb e

International, Inc., which'is a cationic no ol'ye i mne

havi ng a tQRQnA8a1Hd Sodsneit iden@td 22 HRIE0 i ght.of. f WD 01/88267 1 2
NOV 2004 Ber TROL 079’%’?1{“- 19- about 2,46@%5‘%%’6”%%%@8&“@‘%8@?’6@6. The

abbr evi atni@BparntRAs] avhi @R8I SodBa I vai |l abl e from Bucknan
Laboratories Inter n?{ti or?al o n(():. , I c'mlegéglﬁdwgﬁﬁ%ﬁuémﬁo?f/ﬁ%ﬁram' de

havi ng a3 Dakge0 9 8RS ‘ Lght of fr abouyt 17,000, 000
to about 20, 600. 000, '%SAT"E%”%E%‘%J S%@%%“%@i&%@&“@ﬁ&“%&? SRear in the

exanmgbes gReabdib] rﬁﬂﬁ)pﬁﬁﬁl%yﬁonpﬁaﬁegﬁécﬁ%%ggdsanR ﬁeréiesgl(i:&r%r“ee?i ;gg Led cal ci um

carbonate which is used as a filler material. on ®represents a

sizing a b ) L&l NG Al (o] i | abl as Buckman
TS0 o Bu e Pt PO B HE, SURE bl B S U B an B

ol Gt Cact ont & chn aa s P e e ol R v BB e Bl at or

wei ght cationic charged 10 pol yrmer aval Sbor at ori es

| nt er nat Ted abbrevidion , "x@8" BMELETOM: 0d cQz{mpléugbx%{m{s)theS ?agn'w Octasol

formulation identified as "Octasol" in other examples. The abbreviation "782" also represents

15 the same Octasol product identified as "XP9" and as "Octasol” in the examples below. The
particular Octasol product that was used in the Examples below is identified by Associated

Octel as "Octasol 782," with the exception of Octasol products 1317 and 1318 identified in

Table 8.
In the examples below, the abbreviation "594" represents BUFLOC® 594, available
20  from Buckman Laboratories International, Inc., which is a high molecular weight cationic
polyacrylamide having an average molecular weight of from about 5,000,000 to aSout
7,000,000 units and a 21% charge density. The abbreviation "5031" represents BUFLOC®

5031 available from Buckman Laboratories International Inc., which is a low molecular



EXAMPLE | The performance of the OCTASOL fibrous cationic coll oidal

al um namcro particles, 15 available fron1AssociatqdzqqanUmmas tested as
a ret enMOonW/sgaed agai nst conparative mcroparticle tegdnp@opgess used in
conventional newsprint furnish. PROCEDURE: Test were conducted at a paper
m |l designated paper m Il 1. Drainage was perforned 20 using a snal

screen through which 500 m sanpl es;grere drained. Mxing was carried out in
a food blender. Drainage was performed using a nodified Schopper R egler
met hod.  vizgpat & 3 - §d £ L. Riegler. drai nage test

i ncl uded t he fg{lgrln %I\)Md{l%glgleg]wﬁ%ﬂ?@?ﬁmééeﬁg%ﬁé%%%ﬁcgﬁr ‘??{fg‘hb“?heéa“f%oo rnL

gr aduat eqreyhiahdelico,0d0 3 HBYELE e @ WO 411/88267 1 2 NOV 2004 PCT/ US01/ 07951
-20- 5-gallon plastic bucket; wres for MSBR, a vacuum flask and funnel (for

retention); Wi mvfaaw--gg@ IeHegeﬁ& m&%&;&f@g}mﬁ;ﬁ%@{aﬁmi ongté\ a turbidity

nmeter; a henocytoneter; and a m croscope. npFBE*™ A sanple to

be t est edotarLERPI bAMRR AN RK L HIBHM R ARLES L C haken for O

multiple tests. For éach test, was requlred. ‘&' Tenperature

has aB i ERekE mRPopoflfisiadss m\%cﬁ]?ﬁ&i?ﬁltgtem sﬁ}slt!:'ﬂ'ls.i R4 aL, 1%%&5%%%%&? the sanpl es

were taken. For lab studies retention aids, sh was kept

] _  Test| he Sanmple: |f
at the sagps-5ayRPSI ALk BU@EO&@{%EB%E%}Q%{%;&@%QI%E l%méonv?gflf%@gg%él ° =anmp’ <

the MSR was cold and the sanple wa *by running

hot 10 ‘l‘@t.ﬁ\fhicﬂ‘i’searc&i&ﬁc@H&@ﬁc%g@rﬂ%ﬁ&@ég@se% stdnfl€ MBRI'f no hot water was

avai l abl e, cold water was use re conducted in the sanme way.

Lt was | mper afiubutidiond BclbR 54 Hagem dR¥al Ryl Refsuer i nes. The

W re was backfl ushed wth water ore St Was ru fiber,

fines, admilddehofiaichl PULARIahDRBITR @ HRBENSNLRY, DY g tating the

fiber slurry in the bucket. rry in a

gr adyat edorgyehslar Oﬂ@qui@ﬁggeﬂ i\aﬁa%retiﬂ)%'l é%ag%r%y%élﬁé%%lig%%;ﬂncge%pe pl unger

down. The graduated cy r Wwas placed un _ Unger was
e, o SaRoAc s DR L I AL Bl B R BT T e
measur ed 28RdTRE MG ons "Bntonite” and "Bent" represent a bentonite colloidal system
available from Ciba Geigy as HYDROCOL O. The abbreviation "5376" represent BUFLOC®
5376, available from Buckman Laboratories International, Inc., which is a cationic
15 diallyldimethylammonium chioride having a 95% charge density and a molecular weight of
about 500,000. The abbreviation "506" represents "BUFLOC® 606", available from Buckman
Laboratories International, Inc., which is an anionic polyacrylamide having a charge density of
from about 30% to about 32% and amolecular weight in the range of from about 14,000,000
to about 18,000,000. The abbreviation "5057" represents BUFLOC® 5057, available from
20 Buckman Laboratories International, Inc., which is a non-ionic polyacrylamide having a 0%
charge density and a molecular weight of about 15,000,000. The abbreviation "597" represents

BUFLOC® 597, available from Buckman Laboratories International, Inc., which is a cationic

modified polyethylene imine having a 100% charge density and a molecular weight of from



increnental units of 100 mM chosen were purely enpirical. For exanple, very
sl ow stock sanples were instead measured at 100, 15Q, Newd20890 m dr ai nage
times. Soervdseds it took 20' several tests in order tpcgetajmespe t he
starting volune tests. The different |levels of polynmers in the various
sanpl es were conpared, and for this purpose, furnish sanples were obtained
off of the machine before addition;of the retention/drainage aid. Drainage
and retention values were conpared against blank furnishes to determ ne

i Mpr ovenesdou: ST0BRH LS BRHER! AR abb &yibldl #2034 /B%%E US01/ 07951
-21- performance, the MSR’fi’?b{Oraté‘11 was |I%gr9eﬁ¥)?ﬁr%ug QEF@? “Wei ghed
Filter papaflabledfonfBheckBathboBries MmAtbMNIHC ifeniCin diThiShorddinel ghed agai n.
The wei ght difference was recg:rsd_e({fl%ln ngll}t(r)ﬂ . E&%n%égne& cl’l%gi%ree conpar ed
based on ghvink @rient chb@Y 8bminPhnddAHbIE e Srefobe & fron® MBLECTY 000868 % B4 OF

- mcroparticles) of different furnishes. "Drainage tinés Were i ghly
dependent2ovo,0b0.vari abl es such as tenperatures, furnish types, and
refining. Drainage times were recorded in seconds for each volune | evel.

The tasal susHaiRHyRobOEAMMAPAINBLSerth Do Bnbll BIA e o IBLET - THE

filtrate could al so have been filtere eterm ne suspen Bol i ds.

Sol i ds cortERpSsenRipoWiied Prdctpitah @it &rﬂbg?t? ?ﬂﬁfx tfled 4 a%éx%até’%[%ﬁ. used to

indicate the retention capabilities of erent systens, W | ower

nunber s imia&aﬁﬂnﬂﬂsbﬁk%ts%%ﬁgL%‘eﬁﬂgo%é%g{:g;ﬁalﬁ)ﬁgﬁ@iégg?f&?ﬁ%ﬁ il sam e was

taken fromthe sane ace al ong S ensured

phat the dghiinaf 1 SRS W6l S Bl e, TECLARPPACHLERL.  Repeat ed

tests that did not agree wwthin reason wth a correspo nﬁrefisp gi nal test

michhe VERe | ) Ly Liknsed with water t
koep 1 oo maaumi e bR SRR o <GPy R eI Bl RS S on s

keep residual fibers from 1 up

peri ofi Calipdlyntek SANAH én BEIFRYE LERRkRiePtileduiliRy rands B\E@%@@@So lgan wth a

ml|ld detergent. The wires were checked %o make “sure acﬁaged W res
were not pisEecaMds. tests were conducted in the same manner and at the sane
consi stency. Paper mll 1 enployed a paperstock or furnish conprising 30

w % recycl ed corrugated 20 cardboard, 60 wt%recycl ed box cardboard, and
10 wt % ONP. The Hb conductivity of the pulp neasured 0.4 neq/L and had a
cationi c gesmedgr 1The pH of the paperstock was 7.4. Additives conbined with
t he paperstock included PCC in an anount of 280 pounds per ton of

‘The performance of the OCTASOL fibrous cationic colloidal alumina microparticles,
15 available from Associated Octel, was tested as a retention aid against comparative

microparticle technologies used in conventional newsprint furnish.

PROCEDURE:
Test were conducted at a paper mill designated paper mill 1. Drainage was performed
20 usingasmall screen through which 500 ml samples were drained. Mixing was carried out in a
food blender. Drainage was performed using a modified Schopper Riegler method.
Equipment used for the modified Shopper Riegler drainage test included the

following: a Modified Schopper Riegler (MSR); 2 1000 mL graduated cylinder; a stopwatch; a



Ci

paper st ock based on the dried solids weight of the paperstock. The PCC was
added before the WO 01/88267 1 2 NOV 2004 PCT/ USO / Q795§)y 2804 screens. ASA
was addem disanm anount of 2. 1 pounds per ton of paperstﬁ@ﬁ &0 For nt al ong
the paper mll process where the paperstock was in t Formo athin
stock. The ASA was added before the fan punp. Before the screens, the Floc
594 was added in an anount of 2.6 pgunds per ton of paperstock and after
the screens CP3 was added in an anotint of 4.5 pounds per ton 5 of

paper st ocg h head 0x,.Jurnish_u ck from Newsprint (85% TMP,
D556 b okey Zheh Ao bipD R A sl sk Ghe e el Mlbapesn t on of
paper sto he dried bds wei t of both the polyner and the
paper st oc hleﬁﬁﬁ‘ggrap SRR 0‘863%[ iy ifre &Oﬁﬁ?%?t%@“é)i‘rf“&foy‘ic%&sr s. 10 The
results of thgb%e§n re shown in Tables 1-4 below. In each of Tables 1-4,
the colum he gy 150", and "200" represent t he nunber of

[Tilit t | | h h th Th
?orres;)oﬁ{jlsngkr?%ngégozbeﬁﬁ g%ﬁseggeh' oﬁ'etn%%iagral Pvg Fa:'i'g’ie%r"@f?rtg%e\émﬁ‘{fet he ﬁurrber
f { L1iljt m ) f
(11 tr ot o RARREARs Foplch B8, [@BRTSHLMEnGY Heths? F@g@fléﬁ'fﬂréagﬂr Bsfhsbe, i n the
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devoid of any fibers or fines. The wire was backflushed with water before the test was Tun.
Good fiber, fines, and filler distribution in the sample was ensured by agitating the fiber slurry
in the bucket. 1000 ml of the slurry was measured in a graduated cylinder and poured into the
15 MSR while holding the plunger down. The graduated cylinder was placed under the MSR.
The plunger was then released and the stop watch started at the same time. The time required
for drainage of the sample in incremental units of 100 ml was measured and recorded. The
incremental units of 100 ml chosen were purely empirical. For example, very slow stock
samples were instead measured at 100, 150, and 200 ml drainage times. Sometimes it took
20" several tests in order to determine the starting volume tests. The different levels of polymers
in the various samples were compared, and for this purpose, furnish samples were obtained off

of the machine before addition of the retention/drainage aid. Drainage and retention values

were compared against blank furnishes to determine improvement. To measure retention



-23- In conclusion, OCTASOL worked as well as the bentonite system The
performance was better than a dual conponent systenﬂ(% 3 W th 594).

The conpdr 014818 can be seen in Tables 1-4 bel ow Thep¢ggsihh®sieported in
Table | are shown graphically in Figs. 4 and 5. The results 5 reported in
Table 2 are shown graphically in Fig. 6. The results reported in Table 3
are shown graphically in Figs. 7 and 8. WO 01/88267 1 2 NOV 2004 PC
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polymer, or microparticles) of different furnishes. Drainage times were highly dependent on

5 variables such as temperatures, furnish types, and refining. Drainage times were recorded in
seconds for each volume level. The total suspended solids was estimated with a turbidity
meter. The filtrate could also have been filtered to determine suspended solids. Solids contents
of MSR filtrate could be reported in mg/mi and used to indicate the retention capabilities of
different systems, with lower numbers indicating better retention.

10 For repeated tests, the sample was taken from the same place along the papermaking
system. It was ensured that the furnish composition was the same for the repeated test,
Repeated tests that did not agree within reason with a corresponding original test were
suspect.

‘The MSR was kept clean and constantly rinsed with water to keep residual fibers from

15 building up on the sides. The screen was periodically cleaned to remove resin build-up, and
brushed clean with a mild detergent. The wires were checked to make sure bf;nt or damaged
wires were not used. All tests were conducted in the same manner and at the same
consistency.

Paper mill 1 employed a paperstock or furnish comprising 30 wt% recycled corrugated

20  cardboard, 60 wt% recycled box cardboard, and 10 wt% ONP. The Hb conductivity of the
pulp measured 0.4 meq/L and had a cationic demand. The pH of the paperstock was 7.4.
Additives combined with the paperstock included PCC in an amount of 280 pounds per ton of

paperstock based on the dried solids weight of the paperstock. The PCC was added before the



21/ Bentonite 69203695 TABLE 2 100150200Tur bi dity Bl ank143262232
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2191933®d dBesrsoni te 6/0rg 218163088 WO 01/ 88267 - 25 g5
100150200Tur bi di ty Bl ank214870232 Cctasol 1.0/5941124 tasol
3.0/594102136 5376 1.0/59412324997 138 5376 3. 0/594132743105 5031
1.0/ 594113549143 50313-0/594122946118 TABLE 4 1 2 NOV 2004 PCT/tJS01/07951
100150200Tur bi dity Bl ank214370232 fasol 1.01594122647126 Cct asol

3. 01 59411 o O R ek ISR S A BTG o et o oA 100 5031
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' paper mill process where the paperstock was in the form of a thin stock. The ASA was added
before the fan pump. Before the screens, the Floc 594 was added in an amount of 2.6 pounds
per ton of paperstock and after the screens CP3 was added in an amount of 4.5 pounds per ton

5 of paperstock before the headbox.
Furnish used: stock from Newsprint (85% TMP, 15% Broke) pH: 7.6
Polymer addition was constant at 1 pound per ton of paperstock, based on the dried
solids weight of both the polymer and the ﬁaperstock.
All microparticle dosages were calculated on dry basis.

10 The results of the test are shown in Tables 1-4 below. In each of Tables 1-4, the
column headings "100%, "150", and "200" represent the number of milliliters of filtrate
collected that drained through the wire. The corresponding numbers underneath the column
headings represent the number of seconds needed for the respective number of milliliters (ml)
of filtrate to drain through the wire and be collected. For example, in the first entr_s-r of Table 1,

15 the paperstock identified as "Blank”, (having no microparticle retention system) required 14
seconds for 100 ml of filtrate to be drained through the forming wire and collected, required
32 seconds for 150 m! of filtrate to be collected, and required 62 seconds for 200 ml of filtrate
to be collected. In Tables 1-4 the turbidity, measured in units of NTU, is listed in the last
column of each table such that, for example, the turbidity of the

20 "Blank" sample listed in Table 1 was 232 NTU. For each of the various examples tested and
reported in Tables 1-4, the microparticle additive, if used, was added at the same respectiv_e
point in the respective papermaking process and each of the retention polymers was added at

the same respective point in the respective papermaking process.
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The perfornmance of the OCTASOL microparticles was tested agal nst
conparative mcroparticle technol ogl es. PROCEDURE: 5 Testing was done at

di fferent comrercial paper mlls. % ormati on about the respective
paper st ocks used is shown on the gr phs attached. The conponents of the
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PCT/ 11501 /07951 -27 TABLE 5 Top 20% hard whites 40% nmanfold white | edger
40% hogged (tabloid news) pH - 7.9 cationic demand ,- .6 %IFPR %-PAR
Bl ank30w@Lid/s8e6294173. 430. 2 XP9 11594181. 937.4 XP9 2/15@.%%?%9%’@1 2 XP9
5/594185. 142. 3 594 1/CP3181. 239. 2 594 1/CP3284.341.8 54 1PB8h179. 837. 9
594 1/5450176.736.4 594 |/silica 1 79.836.1 594 1/silica 3 81.236.4
Og/Bent 4 74.630.4 Org/Bent 6 75.933.1 WD 01/88267 -28 TABLE 6

TABLE 1

100 150 200 Turbldity
Blank 14 32 62 232
594 1 26 48 141
5511 11 20 36 99

Octasol 0.5/594 12 26 46 123 -
Octasol 1.0/594 11 24 43 120
Octasol 3.0/594 10 21 36 97
Octasol 0.5/5511 8 16 29 61
Octasol 1.0/5511 8 17 32 69
Octasol 3.0/5511 8 18 31 85
5511/Octasol 1.0 9 19 34 80
5511/Cctasal 3.0 9 23 37 83
5511/5450 0.5 5 11 18 42
5511/5450 1.0 5 10 16 44
5450 0.5/5511 9 18 34 86
5450 1.0/5511 10 22 37 111
Bentonite 4/0Org 21 9 19 33 91
Bentonite 6/0rg 21 8 6 30 38
Org 21/Bentonite 4 H 22 40 112
Org 21/Bentonite 6 9 20 36 95

TABLE 2

100 150 200  Turbidity
Blank 14 32 62 232
5511 11 20 . 36 g9
Octasol 1.0/5511 B 17 29 69
551115450 1.0 5 10 18 44
Bentonite 4/0rg 21 9 19 33 91
Bentonite 6/0rg 21 ° 8 16 30 88



Freeness ml Blank 510 594 | Ib 590 594 2 Ib 630 0.5 XP9/594 1 610 1
XP91594 1 630 2 XP9/594 1 640 594 1/XP9 1 620 5b4 NO¥482845 600

5941154800610 5450 1/594 1 610 594 1/silica 1 590 pchRéoddssd,l i ca 3 610
Org 21Bent 4 540 Org 21/Bent 6 560 594 11CP3 1 610 594 11CP3 2 620 XP9

11606 1 580 5011215941 600 5031 1/ XP9 1/594 1 600 50312/ XP9 1/594 1 620 1
2 NOV 2004 PCT/ US01/0795] WO 01/88%?7 -29- TABLE 7 Back 100% pH 7. 85
catinoic demand 0.55 negll Blank ™~ ‘

TABLE 3
- 100 150 200 Turbidity
an 21 48 70
Octasol 1.0/594 11 24 43 %gg
Octasol 3.0/594 10 21 36 97
5376 1.0/594 12 32 49 138
5376 3.0/504 13 27 43 105
5031 1.0/594 11 35 49 143
5031 3.0/504 12 29 46 118
TABLE 4
100 150 200 Turbidi
Blank 21 43 70 23%_/
Octasol 1.0/594 12 26 47 126
Octasol 3.0/594 11 25 45 109
5376 1.0/594 12 27 49 138
5376 3.0/594 13 25 43 105
5031 1.0/594 11 28 49 143
5031 3.0/594 12 29 46 118
 Octasol 1.0/5511
Octasof 3.0/5511 - 12 25 47 118
5376 1.0/5511
5376 3.0/5511 11 24 4
5031 1.0/5511 1
5031 3.0/5511

5450 1.0/5511 8 i8 30 86



594 1.4 5450 1/594 1.4 594 1.4/5450 1 XP9 1/594 14 XP9 2/594 1.4 Bent
4/Org .5 Butt 6/0rg .5 5941.4/silica 1 594 1.4/silicH0® 20894 1. 4/ CP2 |

5041, 4/€PRURENP TFPR 36.1 53.6 58.4 55.1 53.8 P@A,,lg(,l,@,gﬂg 52 1 53.9
54,6 54 54.9 1 2 NOV 2004 PCT/USOL/ 07951 WO 01/ 88267 1

PCTI US01107951 - 30-
-26-

EXAMPLE I}
The performance of the OCTASOL microparticles was tested against comparative
microparticle technologies.
PROCEDURE:
5 Testing was done at different commercial paper mills.
Information about the respective paperstocks used is shown on the graphs attached.
The components of the furnish or paperstock are listed on the graphs shown as Figs. 9-
| , 12 attached hereto. The %TFPR and %FPAR results are shown in Table 5 for the paperstock
described in Table 5. The results from Table 5 are shown graphically in Figs. 9 and 10. The
10 freeness test results for various examples are shown in Table 6 and graphically depicted in
Fig. 11. Table 7 shows the % TFPR for yet another paperstock. The results reported in Table 7
are shown graphically in Fig. 12.
In conclusion, the medium charged sample OCTASOL (XP9) performed well. Old and
new samples of the XP9 performed about the same, indicating good stability of the

15  microparticle sol. The results show that OCTASOL performs well on alkaline fine paper.



Tabl e 8 shows % TFPR results for various exanples tested. In Table 8, the
exanpl es whi ch have been designated "PAC first" ar & 28 wherein the
PAC wasW8ddé#sbef ore the retention system polymer anebmaspionaiticles. The
results from Table 8 are shown graphically in Fig. 13. The results
reported in Table 8 and shown in Fig. 13 were from exanples run at 5 paper
mll 2. Figs. 14-16 show various other test results achieved fromthe
exanples run at paper mll 2. On paper mlIl 2, for each of the paperstocks
descri bed on the graphs shown in Figs. 13-16, PCC was added to the
paperstock in an amount of 280 pounds per ton before the screens. ASA was
added to the paperstock in an anpbunt of 2.1 pounds per ton at a point 10
during the papernaki ng process where the paperstock was in the formof a
thin stock. BUFLOC(c) 594 was added in an amount of 2.6 pounds per ton of
paperstock before the screens. CP3 was added in an amobunt of 2.3 pounds
per ton after the screens. PAC was added in an anount of 4.5 pounds per
ton before the headbox. The addition of these additives were all based on
a dry basis and on the dried solids weight of the paperstock. 15 WD

01/ 88267 -31 TABLE 8 25942. 6CP32.1¥ifk $% 5554517821. 0081. 8%

955450. 57821. 0080. 6% 1255451.133181. 0080. 6% 1455451, 086711. 0080. 3%
1055451. 07820l d1. 0080. 8% 1389whiEs 6CP32. 3079. 8% 655450. 57821. 0079. 4%

85941. 37822. 0079.%?’?@3? Heleyiges171. 0079. 2% 1355451. 054501. 0078. 6%
4554517821, 0077, 40% WEEA{a HH2Y 0076. 8%

; cationic demand - .6 meq/L,

%TFPR %FPAR

Blank 30.3 12.5

594 1 73.4 302

XP9 1/594 1 81.9 37.4
XP9 2/594 | 83.6 40.2
XP9 5/594 1 85.1 423
594 1/CP3 1 812 39.2
594 1/CP3 2 84.3 418
5450 1/594 1 79.8 379
594 1/5450 1 76.7 364
594 silica 1 79.8 36.1
594 Usilica 3 312 364
Org/Bent 4 74.6 30.4
Org/Bent 6 75.9 33.1



1None73. 3% 1555451. 0782191. 4%d1 1655451. 0782381. 3% 155@&3% &782180. 1%
1855451, 0782379. 4% 1955451. 0782279. 4% 2055451, 0782478 y

55450. 5¥82P§826Bo - | F255450. 5782176. 4% 2355450. 57821 78c160601/07951

2455450. 5782275. 5% 2555450. 5782374. 7% 2655450. 5782374. 6% . 1° 2 Nov 2004

PCT/ US01/ 07951 %FPR 4.5 Ib/t PAC first 4.5 Ib/t PACfirst 4.5 1b/t PAC
first 4.5 1b/t PACfirst 4.5 1b/tyg PACfirst 4.5 Iblt PACfirst 4.5 |b/t

TABLE 6

Freeness ml

Blank 510
594 11b 590
5942 1b 630
0.5 XP9/594 1 610
1XP9/594 1 630
2 XP9/594 1 640
594 1/XP9 1 620
594 1/5450 .5 600
594 1/5450 1 610
5450 1/594 1 610
594 1/silica 1 590
594 1/silica 3 610
Org 21/Bent 4 540
Org 21/Bent 6 560
594 1/CP3 1 610 .
594 1/CP3 2 620
XP9 1/606 1 580
5031 2/594 1 600
5031 1/XP9 1/594 1 600

5031 2/XP9 1/594 1 620



PAC first 4.5 Ib/t PACTfirst 4.5 1b/t PACfirst 4.5 1b/t PACTfirst 2.25
Ib/t PAC first 4.5 1b/t PACfirst 4.5 1b/t PAC f{rsNOV22004 | blt PAC

first YOIY8§287+ PAC first 4.5 I b/t AC first 2.25d1dsninB@a&C first 4.5
Iblt PACfirst 2.25 1b/t PACfirst 4.5 1b/t PACfirst 2.25 b/t PAC

first 4.5 1b/t PACfirst
29-

TABLE 7

Back 100%

ONP
. pH785
catinoic demand
0.55 meq/t

% TFPR

Blank 36.1

594 1.4 53.6

5450 1/594 1.4 584
594 1.4/5450 1 55.1
XP91/59414 = 538
XP92/594 1.4 54.6
Bent 4/0rg .5 49.9
Bent 6/0rg .5 521
594 1.4fsilica 1 539
594 1.4/silica 3 54.6
594 1.4/CP2 1 54
594 1.4/CP2 2 54.9



WD 01/88267 "1 2 NOV ' 2004 PCT113S01107951 -32- At paper mll 3, various
exanpl es were tested using a paperstock having an Hj gd\fmbo?ﬂﬂ’vi ty of 420
and a pMPEIBRE™. The grade of the paperstock was a20 meywngd wekght grade of
Snow and bi bl e paper. The conponents of the various exanples are shown in
the attached Figs. 17 and |$ as are the conpositions of the paperstocks
and additives provided for all 5 exgnples on paper mll 3. The additives
used in paper mll 3 and graphically reported in Pigs. 17 and 18 i ncl ude

PCC added i n mble3aRuhty, SfprLOQ P v O, T ed in an anount of
280 pounds per ton, HERCON 79 tag’gg ﬁ},ﬁg gﬁﬁg%ﬁﬁ#'?nﬁa%%%g'ﬁfﬁﬁ@?sper ton, and

CATO  25anah e ety PR UL AT RGHISB RS Lo AL R @l | amount s

bei ng based on a dry basis and on dried sofli fthe he

paper st ofdentiddkyAGalbdy i andBHEL K dies. 0 before the screens in
an armount of 0.5 p%u%d per toﬁn%i ﬁ'%?@%%?%ﬁla\ﬁasgm%ﬁéﬂ“‘ia Yan anount
of 0.98 paunds.pee &R DL | Thile ' aper.nill nunber 4, a
paper st ock having the r%:b;enpo]si t?o%ﬁlg{lsgg‘g,?gpe 'tlieevgs%md%%’%?’raﬂlé’ SR Fi gs. 19 and
20 was npdedhiad. mag 1596 . A)WRE@?& fstd ded to the paperstock
in an amount of 15 pounds per ton o ‘g%g'%srﬂ{‘g‘éﬁ%&a‘g?%xwgswi%ry fan
punp. A £pd@ill5A 15 starch was added to the paperstock in an anount of 25
pounds per ton of paperstock at the machine chest. At the blend chest,

al um was addesi pager it 2RLAE, P of paperstack and V-BRITE
was added in an amount of 20 pc?%ﬁ géﬂd%gfdet?%%beggpglg eapgst%@i?“" er the

ser eens, LAGDBAGaL asaSnRdSRAdR P ARNNLr AGeRRRUAd, per. fon o

‘paperstock. Al additions were on a asi's :and &ach ® paper st ock

es basedrean. A& i el b AN an il G081 PRRRY SL ok  The % TFPR for

each of the exanples tested an e ‘conposi ti-on-of Y& e 8N on system of

eachitex aiiphe te §ap@daidsLos&ls FRGL bhel BndiliGn 9 i e % FPAR and t he
conpositions of each re entsi onrslf/hset%ﬂ]&ot%ke‘g% metg% .eoqaae@’t“eﬁoc re shown in

Fi g. 20.BUMSIG@ 048 AlsOn GRRGYGES nepated, acl d paper, at paper ml|
5. The results of WO 01188267 1&"% %%E%iq’ﬂcﬁﬁﬂgﬁpfﬁ%%ge brg ghe
screens, CP3 was added in an amount of 2.3 pounds per ton after the screens, PAC was added

in an amount of 4.5 pounds per ton before the headbox. The addition of these additives were

all based on a dry basis and on the dried solids weight of the paperstock.

15
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Fi gs.
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anount of 22 pou

21-23. The

conducted on the paperstock at paper mll 5 are reported in
conposi tion of the paperstock test @dNBWd?Mkoperties O
fromwhich results are reported in e ,gs. 21-23 are
22 and 23. As with other exanples set al158(;?'[%{'1)"Jﬂﬁ‘glrei n, in
as the testing on paper mll nunber 5 wherein the various 5
he paperstock add up to over 100% the percentages are to be
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ger ton of paperstock, a CATO 215 starch
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on a dry bagi3 jand ons%he dridd zolildsceki ghtz3of |t heésphpessitock. After the
screen, ACCHRAC-182 (ACC 182) imas added inlan andunt of| BAGfrstpound per ton
of paperstodk’ [Bef ore’¥he screen NALCO™867] 8 4ddéHs%h 4 b4nount of 0.5
pound per t¢ryof-—pa tock—Attheregg-of—thegroeess) before the
formng wire arf additional 0.{6 %%u B%% toﬂl%f ACEg§§2P btadded. The 0.3
pound per t¢nzgddi tT 045X ACC 15 1582 Maieqyi yaber|l Gosspng adggi tion of 0.94
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WO 01/ 88267 [1g 4 NOv—2Uga—PCTHYSCE —ta —and, L etention vere
performed uging a small screen m sanppgsswer e drai ned.
M xi ng was g¢anr|i ed outsssn a Tdodiblenhd&is {0U-d01 [Sanpb®eb sema used for
bot h dr ai nag nd retention. A BrittyJar test wag perfofmcfimt 750 rpm 5
Dr ai nage wag Bdr f or neéf4disi ng g mbdi f| ethsSchopper |Ri gber . 4.5 bk
PAC first
4 5545 1 782 1.00 77.8%
7 594 1.3 782 1.00 76.8%] 4.5 Ibit
PAC first
1 None 73.3%
15 5545 1.0 782 1 81.4%12.25 vt
PAC first
16 5545 1.0 782 3 813%| 4.5 lbn
PAC first
17 5545 1.0 782 1 80.1%} 4.5 tbrt
PAC first
18 5545 1.0 782 3 79.4%]2.25 lbit
PAC first
19 5545 1.0 782 2 79.4%[2.25 Ibft
. PAC first
20 5545 1.0 782 2 79.0%] 4.5 lbft
PAC first
21 5545 0.5 782 2 711.8%[2.25 bt
PAC first
22 5545 0.5 782 1 764%| 4.5 it
PAC first
23 5545 0.5 782 1 75.6%]2.25 b/t
PAC first
24 5545 0.5 782 2 75.5%) 4.5 Ibit
PAC first
25 5545 0.5 782 3 74.7%]2.25 bt
_ PAC first
26 5545 0.5 782 3 74.6%| 4.5 it
PAC first




rnish used: 70% HWD Freeness aprox. 450 30% S WD pH 8.3 Chem cal s added
fg furnish: 30% PCC 5 |b. Cationic starch (Sta-locq ?Q&W‘%@Mper ton of
dri ed sWPi8826Po| yner addition was constant at 1 pounettakoiags of ]
paperstock based on the dried solids weight of both the polyner and t ed
paper st ock. OCTASOL dosage for this test was cal cul ated on an as receive y
basis (a 15 wt% solution ofmcropagdicles). 15 An al kaline fine paperstoc
(furnish) was tested on paper mll 6 and the drainage tine required to

col ect 200, A0fpsnt 400l ek RASGLL VY vsfl o Ll 2L Sy, psur ed. The 56

i in Figs.
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5  examples on paper mill 3, The additives used in paper mill 3 and graphically reported in Figs.
17 and 18 include PCC added in an amount of 160 pounds per ;con, TiO; added in an amount
of 280 pounds iaer ton, HERCON 79 added in an amount of 7.8 pounds per ton, and CATO
232 starch added in an amount of 17 pounds per ton, with all amounts being based on a dry
basis and on the dried solids weight of the paperstock. In addition, BUFLOC® 594 was added

10 before the screens in an amount of 0.5 pound per ton and POLYFLEX CP2™ wag addt_ad inan
amount 0f 0.98 pound per ton before the screens.

On paper mill number 4, 2 paperstock having the composition and properties described
in Figs. 19 and 20 was modified and tested. A HYDREX additive was added to the paperstock
in an amount of 15 pounds per ton of paperstock before the primary fan pump. A CATO 15A

15  starch was added to the paperstock in an amount of 2.5 pounds per ton of paperstock at the
machine chest. At the blend chest, alum was added in an amount of 6 pounds per ton of
paperstock and V-BRITE was added in an amount of 20 pounds per ton of paperstock. After
the screens, ACCURAC 182 was added inan amount.of 0.28 pound per ton of paperstock. All
additions were on a dry basis and each ton of paperstock was based on the dried solids weight

20  of the paperstock. The % TFPR for each of the examples tested and the composition of the
retention system of each example tested are set forth in Fig. 19, The % FPAR and the
compositions of each retention system of each example tested are shown in Fig. 20.

Testing was also conducted on an uncoated acid paper at paper mill 5. The results of
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retention tests conducted on the paperstock at paper mill 5 are reported in Figs, 21-23. The
composition of the paperstock tested and properties of the paperstock from which results are
reported in each of Figs. 21-23 are shown in Figs. 22 and 23. As with other examples set forth
herein, in instances such as the testing on paper mill number 5 wherein the various
components of the paperstock add up to over 100%, the percentages are to be considered as
parts by weight as opposed to percents by wcigﬁt.

Additives combined with the paperstock on paper mill 5 included a HYDREX filler
added in an amount of 60 pounds per ton of paperstock, a CATO 215 starch added in an
amount 0f 20 pounds per ton of paperstock, alum added in an amount of22 pounds per ton of
paperstock, with all amounts being based on a dry basis and on the dried solids weight of the
paperstock. After the screen, ACCURAC 182 (ACC 182) was added in an amount of 0.3
pound per ton of paperstock. Before the screen NALCO 8671 was added in an amount of 0.5
pound per ton of ‘paperstock. At the end of the process but before the forming wire an
additional 0.6 pound per ton of ACC 182 was added. The 0.3 pound per ton addition of ACC
182 was equivalent to an addition of 0.94 wet pound of the product. The addition of the 0.5
pound per ton of NALCO 8671 was equivalent to an addition of 3.3 wet pounds of the
product. The final addition of the 0.6 pound per ton of the ACC 182 was equivalent to an

addition of 1.9 wet pounds of the product.

EXAMPLE 11

The performance of the OCTASOL microparticles as a retention aid was tested against
comparative microparticle technologies in alkaline fine paper.

PROCEDURE:

3. 0/ 594
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Drainage and retention were performed using a small screen through which 700 m]
samples were drained. Mixing was carried out in a food blender. 700-mi samples were used

for both drainage and retention.

A Britt Jar test was performed at 750 rpm.

5 Drainage was performed using a modified Schopper Riegler.
Furnish used: 70% HWD Freeness aprox. 450
30% SWD pH 8.3
: "\_':. Chemicals added to furnish: 30% PCC

5 1b. Cationic starch (Sta-lock 400)
10 per ton of dried solids.
Polymer addition was constant at 1 pound per ton of paperstock based on the dried
solids weight of both the polymer and the paperstock.
| OCTASOL dosage for this test was calculated on an as recejved basis (a 15 wt%
solution of microparticles).

15 An alkaline fine paperstock (furnish) was tested on paper mill 6 and the dﬁinage time
required to collect 200, 300, and 400 ml, respectively, of filtrate was measured. The % TFPR.
values of many different examples are reported graphically in Figs. 24 and 25. The drainage
time in seconds to collect 400 ml of filtrate is repoited for many different examples in Fig. 26.

The data used to achieve the graphical results shown in Figs. 24-26 is reported in Tables 9-12

20  below.
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OCTASOL

TESTING

Alkaline fine furnish

TABLE 9
Polymer dosage
constant @ 1 [b/T
200 300 400

BLANK 8 12 60
Octasol 0.5/594 4 8 28
Octasol 1.0/594 4 g 23
Octasol 3.0/504 4 8 18
$94/Octasol 0.5 5 11 45
$94/Octasol 1.0 4 10 . 30
584/Qctasal 3.0 4 12 27
Octasol 0.5/606 5 13 42
Octasal 1.0/606 4 11 30
Octasol 3.0/608 4 10 25
606/0ctasol 0,5 4 156 45
606/0ctasol 1.0 4 13 31
606/Octasol 3.0 4 12 28
Octasol 0,5/5057 4 g 37
- Qctasal 1.0/5057 4 10 30
Cctasol 3.0/5057 4 1 27
8057/Octasdl 0.5 4 11 43
5057/Qctasol 1.0 4 11 35
5057/Cctasal 3.0 4 10 29
Octasol 0.5/597 4 9 38
Octasol 1.0/597 4 11 26
Octasol 3.0/597 4 10 26
$97/Octasol 1.0 4 12 34
597/0ctasal 3.0 4 11 25
594/CP3 0.5 4 9 29
§94/CP3 1.0 4 7 18
B 594/CP3 3.0 4 10 22
‘ 594/XP8-558R 0.5 3 6 25
594/XP8-558R 1.0 3 8 17
594/XP8-558R 3.0 3 7 23
XP8 0.5/594 3 8 28
XP8 1.0/594 3 7. 19
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TABLE 10
TFPR
BLANK 65.7

594 76.8
Octasal 1.0/594 84.7
Octasol 3.0/504 86.5 -
5031 1.0/594 78.4
5031 3.0/594 82.9
9376 1.0/594 79.7
5376 3.0/594 .80
§94/CP3 1.0 84.5
$94/CP3 3.0 86.6
594/5450 1.0 84.9
594/5450 3.0 85.1
§94/N8671 1.0 80.3
594/N8671 3.0 84.6
594/Bentonite 4.0 79.9
$94/Bentonite 6.0 829

TABLE 11
594/Microfioc 1.0 928

$84/Microfioc 3.0 95.7
5031 1.0/606 78.9
5031 3.0/608 81.2
5376 1.0/606 789
5376 3.0/606 80.8
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TABLE 12
200 300 400
BLANK 8 12 60
Octasol 0.5/594 4 8 28
Octasol 1.0/594 4 g 23
Octasol 3.0/594 4 8 18
594/CP3 0.5 4 9 29
594/CP3 1.0 4 7 18
594/CP3 3.0 4 10 22
o 594/XP8-558R 0.5 3 6 25
594/XP8-558R 1.0 3 6 17
594/XP8-558R 3.0 3 7 23
XP8 0.5/594 3 8 28
XP8 1.0/594 3 7 19
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obt ai ned using the conbi nati on of BUFLOC(r) 594 with the fibrous cationic
col l oidal alum na mcroparticles cpjgpared with the current mcroparticle

t echnol ogi es avail able and tested. Better performnce was obtai ned using a

cationic pol ' ! .C ination w SCOL conpared to
usi ng an gni )c/)%ﬁi:ﬁé%r%fyégﬁlgﬁﬁ%fag@%’%ﬂgq%&nﬁﬁlamf"hogh%ég%?%ﬁb ®to trrﬁe PAM
roved t c CL | he net hod and, apparatus of the present
anenti ogib%rg%ﬁﬁgﬁe] g@%gqafgel%ﬁ%%%n\gi%r?g%}g%%ﬁoﬂpﬁe% ks t@%?ﬁ’@ﬂt BrroprrHgle Rgsul ting

paper ang. paRefLoakithiiRdeggcording to the method of the present invention
exhi bit excel I'ent opaqueness and ot her desirable physical properties. 10 It

wi Il be appar i edyin. the act . that various nodifications and
vari ati ons c%ég&rbg&ﬁ%ﬂgéﬁfgd %h‘g’lt%%%ou Mreht 8ige P f?lléacﬁ’?aé‘é@%@ MV eht i on wi t hout

depar i NGohbiRRLL N SPOEThSOL o BEARE S LE Brosent, Loveny on, Thus, it is

intended that the present invention covers o g and
(hei 1 cqursa2n P o el Bl 55 i o1/ Orosn
The method and apparatus of the present inve‘:ntion provide excellent drainage and/or
' R retention of fines. Resulting paper and paperboard made according to the method of the
present invem;ion exhibit excellent opaqueness and. other desirable physical properties.
10 It will be apparent to those skilled in the art that various modifications and variations
can be made to the embodiments of the present invention withc;ut departing from the spirit or

scope of the present invention. Thus, it is intended that the present invention covers other

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

their equivalents,



-39 WHAT IS CLAIMED 1S: 1. A method of maki ng paper or paperboard
conprising: introducing fibrous cationic coll oidal 1aQLNé)V1 04 croparticles
to a payemweRinhg pul p and introducing at |east one pemwwRinbhq said
papernmaking pulp, to forma treated pulp, 5 said polyner conprising a
cationic polyner, a nonionic polyner, or an anphoteric polynmer under
cationic conditions or conbinati ons thereof; and formng the treated pul p
into paper or paperboard. 2. The ?hod of claim 1, wherein said fibrous

cat i oni CWﬁh’I‘QS@iA;ﬁ%ﬂ_{is”a m croparticles conprise a fibrous cationic

acetate sa al um na havi ng a zeta 10 potential of greater

t han about 25y and ,3,uel umto.acetate of |ess than about

4. 3. The net hod of %%‘nfﬁlg%g?rm ap%%l QFQIB?"S"I? cationic coll oidal

alum na mcropar t"{n%h%a nLe fibrous acetate salt of
%F&%}&aﬁ&u&oﬁ?&a‘l At ma \?chr(l)’pel Iﬁl 8\? Eflp?[‘fl‘)a?

boehnmite alum na. 4. Thé net Béis cationic

bout 300 %'ya'*m&??ﬁdﬁf’ 55 AP ESGOR Rl LA RRLL U PRRY U T o
cati o Csﬁ@{:Alflﬁéﬂ%mﬁr&sﬁ‘hma@%{oggpglgﬁ%g{&onﬁ)ln%}r Rine ao;dadneagnpbcg?nsct%l(g U| p in an

amount of a ast abolt 515|s ' pul p based

on the dhh&gcagg,g,bg&d%h,gmo,% m\ttg[%ﬂ%péop an® The met hod of claim 1, wherein
said fibrous cationic alumra 20 microparticles are added to

said pulp in an atfg,\M 1af to about 5.0 pounds on a
dry basis, per ton o 6u|tr6£tﬁ£gﬂeﬁ98%5%ego,3%gg%‘ céol i ds WEI ght of the pulp. 7.

"~ uThe net hod ofy cl airR Jreti cat i. oI sent and
“conprises a synthet ?ngh\rél\?gggﬂa@lnﬁ%% eérll ﬁalug@brou |“5’ cﬁ' M“W) 01/ 88267 1

2 Nov 20%@&&%@%&&2 g ﬁigous (% don%c accta sgg op goeéxgxfti: glhﬁ%if'?ﬁ%Y@c\ggge&a}e;% 32' dg_

cationic polynmer i1s presen
The ngt hB&lIelQlfdl o?hl%htg?tﬂan a\é‘&?ﬁ?&n@a%@iﬂg rgtfo% qtlilr%m%r?‘lttcl) oaft o lgs!slth%:'n ablut al um na

4.

(b('D

3. The method of claim 1, wherein said fibrous cationic colloidal alumina
microparticles comprise a cationic fibrous acetate salt of boehmite alumina.

4, The method of claim I, wherein said fibrous cationic colloidal alumina

15 microparticles contain from about 0.5% by weight to about 30% by weight Al,Os.

3. The method of claim 1, wherein said fibrous cationic colloidal alumina
microparticles are added to said pulp in an amount of at least about 0.05 pound on a dry basis,
per ton of pulp based on the dried solids weight of the pulp.

6. The method of claim 1, wherein said fibrous cationic colloidal alumina

20 microparticles are added to said pulp in an amount of from about 0.3 pound to about 5.0
pounds on a dry basis, per ton of pulp based on the dried solids weight of the pulp.

7. The method of claim 1, wherein said cationic polymer is present and comprises

a synthetic ritrogen-containing cationic polymer.



m croparticles are added to said papermaking pulp prior to introducing said
polymer to said 5 pulp. 10. The nethod of claim 1, Mie\eid0ai d fibrous
cat i oniVO 8B¥8k@i dal alumina mcroparticles and said perNRBin7eH€ | ntroduced
to,said papermaki ng pulp at about the sanme tinme. 11. The method of claim
1, further conprising conbining at |east one cationic 10 starch with said
paper making pulp prior to introduci,pg said fibrous cationic colloidal
alumina mcroparticles to said pulp. 12. The nmethod of claim1, wherein
said pulp compris it . rhe thod of claim9, wherein said
polyner is a _syntﬁ%tn?eg,ﬁ)g\b\gaté{?-l%eﬁq Séa xRe Fgélfe?qgerbs@feﬁeﬁé?“d(%‘ﬁ?r&%i ng -

acryl am glexibm pstyRABnGAL | ONi ¢ nononeric units. 15 14. The nethod of claim
1, further conprising adding at |east one cellulytic enzyne to said pulp.
15. The met hed of gl @i t Li $ing. addi.ng at | east one
cellulytic enzyrrg%tlgétgegilecf %ﬁ\gﬂpnﬁ@fe%?&gpﬁlénﬁ ?‘88%8%‘8&” gﬁ?%dall PBBYs cationic
col | oi dahicrbhk ] <4 - I u 20 16. A paper, or

paper boar d%nade&gaé%:%drag?ﬁg&% i())éb'lte 'ﬁ%hﬂ‘%ﬁ ﬂﬁgn%ft ggl}rg?uﬁﬁnﬁ .sa'%?o.ly "A£ FapEr maki ng
apparat yssconpri sing a supply of fibrous cationic colloidal alumna

m croparticles, a supply of a papermaking pulp, a device for feeding

] brous cationt o mep dtecticidin 17 relh B RAGH Eb5T SORTA Shgia" ¥ ©
i s ek Bch € 1% a30RAL king pul p,
P LS04t o EOMASAAELER s A RIRLY, B PR RS0, °

system pmeyner fromthe supply of retention systempolyner to the pulp or
“‘treated pulp, and a device for formng the pulp into a paper or paperboard

after treatypgnt mmﬂ%@ggclgﬂnbﬂ%ep&%nié’%%gc(gq%lh&gql 2l um na.
yIer,

mcroparticles and said retenti’'on system 5°p RRSPECHBSi d retention

SYStEM RekyRBih seii&pa%eﬁﬁkingﬂla?E)&QL&/iﬁ@&g}lcig S%gd!}{bgq,jsgaﬁ 3‘%%@&@@ Fggninaan anphoteric

poI ymner under cati onic con 1 oNns, I natl on
microparticles to said pulp.

12. The method of claim 1, wherein said pulp comprises a sulfite pulp.,
13. The method of claim 9, wherein said polymer is a synthetic, water-soluble
cationic polymer containing acrylamide units and cationic monomeric units.

15 14. The method of claim 1, further comprising adding Aat least one cellulytic
enzyme to said puip.

) 15. The method of claim 1, further comprising adding at least one cellulytic
enzyme to said pulp before introducing said fibrous cationic coilbidal alumina microparticles
to said pulp.

20 16. A paper or paperboard made according to the method of claim 1.

17. A papermaking apparatus comprising a supply of fibrous cationic colloidal
alumina microparticles, a supply of a papermaking pulp, a device for feeding fibrous cationic

colloidal alumina microparticles from the supply of fibrous cationic colloidal alumina



18. The apparatus of claim 17, wherein said device for formng the pulp
conprises a blend chest in comunication with saitl &NV %[Hf treated pul p,
a fan pWAPU8R67 communi cation with the bl end chest, a sBcmeioios:

communi cation with said fan punp, and a 10 head box in conmunication with
said screen. 19. The apparatus of claim 18, wherein a supply tank is
provided for holding a supply of the pulp, and the communi cati on between
said supply tank and said blend chest includes a refining apparatus for

refini ng nibeppidie 1At Qpply@PpBEiiaking Ap, BlsGhHd, &F‘?&&’fg‘?%ﬁteﬁg’?ﬁg’gpgr atus of

claim18, further conprising a white water silo, e saird white
wat er si |devibstsr afiidgkteitiok gys&ﬁmwmepﬂs&%swpmﬁéénﬁoﬂﬁm %%I{',E&B’ an inlet
A co

in conmmuni cation with sai head box, and an ‘outl et nication wth

sai d fan tpupuip or Zatediiif), ARPAARCE For ‘Rfrmﬁ'ﬂg@l@lé’ﬂuipgnm;aLHaLéP%F pa%ﬁ:’ggarnli ?fite@ g one or
g the pu

nore refiners for refining the pulp prior to formn p in said head

box. 20 2@atméntpapesd ﬁtrrommmard;harmﬁlﬁnirﬁie{aba?ﬁ&ésgﬁm RaRGI Y&, said
paperweb conprising a treated pulp, said treated pulp conprising

cel | ulsos ipolyfiipehesein faide@htton Sxdlehiidiymer i§ ObdeiBhiel a1 ﬁé;%‘ﬂ&a%m%&%&&%@t icles, and
at | east one retention system pol yner, said re%’eniion system pol yner

conpri si ayamaploatic polixterRadey BRionic 8oddRidh O B ConPRladéiR herddf. an anphoteric pol ymer
WD 01/88267 1 2 NOV 2004 PCT/ CJSO 1/07951 -42- under cationic conditi ons,

or combi nati ons t ITes §piratdSof clERE1 DARGEIn id RIRERPRAL; Lliag: Wherein
said fibrous cationic coll oicdal al urrl11'1 na m crc())partll gc@ée%ﬁé:%h%}rllg%e a fibrous

Greater than about 26 and o el on ol R o, Gun F B BEEM O Tess
than 5 adGmbnichtion with the blend chest, a screen in communication with said fan pump, and a
10 head box in communication with said screen.

19.  The apparatus of claim 18, wherein a supply tank is provided for holding a
supply of the pulp, and the communication between said supply tank and said blend chest
includes a refining apparatus for refining the pulp before entering the blend chest.

20.  The apparatus of claim 18, further comprising a white water silo,

15 wherein said white water silo has an inlet in communication with é;aid blend
chest, an inlet in communication with said head box, and an outlet in communication with
3 said fan pump,
21.  The apparatus of claim 20, further comprising one or more refiners for refining
the pulp prior to forming the pulp in said head box.
20 22. A paper or paperboard made from a drained paperweb, said paperweb
comprising a treated pulp, said treated pulp comprising cellulosic fibers, fibrous cationic

colloidal alumina microparticles, and at least one retention systemn polymer, said retention

system polymer comprising acationic polymer, a nonfonic polymer, or an amphoteric polymer
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under cationic conditions, or combinations thereof,
23, The paper or paperboard of claim 22, wherein said fibrous cationic colloidal
alumina microparticles comprise a fibrous cationic acetate salt of boehmite alumina having a

zeta potential of greater than about 25 and a weight ratio of aluminum to acetate of less than

5  about 4.



