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5  the pulps, and paper and paperboard products made from the pulps. More particuiarly, the

present invention relates to treating papermaking pulp with at least one microparticle-
containing retention aid system.
Microparticles and other particulate materials have been added to papermaking pulps
as retention aids. For example, U.S. Patent No. 4,798,653 to Rushmere, which is incorporated
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 ofien 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,
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t?onlcvy-i!arous acetate salt o%' boehmite alumina. The fibrous product can be obtained by

stirring a slurry of water and basic alumina acetate to ensure substantially complete mixing
thereof, and then reacting the slurry to produce a fibrous cationic acetate salt of boehmite
alumina preferably having a zeta potential, when measured in deionized water, of greater
than about 25 and preferably having a weight ratio of alumina to acetate of less than about 4.
The surface area to volume ratio of the salt may preferably be about 50% or greater. The
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.
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Patent No. 4,798,653 to Rushmere, which is incorporated 10 herein in its

entirety pbyemkag popanddeseiucibg at Bafape hokken® sidgdpeiriadingdpung t6 & ose
fibers and a two-conponent conbination of an anionic pol yacryl am de and a
cat i oni c treetedopull s&id | polyaner semimprising a cationic polymer, a nonionic polymer, or an
amphoteric polymer under cationic conditions or combinations thereof; and forming the
treated pulp into paper or paperboard.
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.
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sui t abl e BRIEF DESGRIPTIQN QR THRDRAWINGS) system of the present invention can

i nclude the fibrous alum na products obtainable by i
Fig. 1 is a flow chart showing a papermaking process according to an 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;
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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;
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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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The fibrous cationic colloidal alumina microparticles can preferably be a cationic
10 fibrous acetate salt of boehmite alumina. The fibrous product can be obtained by stirring a
slurry of water and basic alumina 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 wet sheet
or web. Preferably, the fibrous cationic colloidal alumina microparticles are added in an_
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
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pref er ableyy Qrtéocldﬁoécos.{grg{ 2L RALE E‘zr‘lzymc, and/or other conventional papermaking pulp
additives, or combinations thereof. The resulting pulp or stock is then formed into a wet sheet
of pulp or stock and preferably has improved retention properties compared to a wet sheet
made with no microparticles or polymer. After drainage and drying, the resulting paper or
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
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-wWith at 10 | east one coagul ant, east one occu east one

Filler, alb de@ABld ANES MAINAGEY 425 16 and cald 9ni.G Starch, at
| east one enzyne, and/or ot her’cc’)nvemr}tit469r¥g’ﬁ%?&%ﬁ%&?%@'“ﬁ%@%midditives, or

conbiipat h@aﬁiﬁth@,fgﬂieﬁy@rg@éwepi ng pulp or stock is then fornmed into a wet
sheet of pulp or stock and preferably has inproved retention properties

compared {0 bl wideRlorelFAL adtel Berti o CARRALEIALAS KL RO YRL- AT Ler

dr ai nage and drying, the resulting paper or paper board pr &f er abl y

exhi bi t Sp@aeld @ bhorRRATHIANRRS AR QE]o?&alﬂgfurxgﬂﬁi%@ dQRERS Lfi2q  The, POl ymer

is preferably added to the paperrnaking pu a I on~of the fibrous

cat i oni cheret bpidalh agﬁm%n-m G i , order,. of addition can
be used. Prefer abley, t he Sélayrﬁg%ﬁ%:tgﬂr? Egégﬁéjeﬁgﬂé%%%}¥%§%§m%é% not

adver sel yonf dn®6lindehks of ML PREO AV r ' the pol ymer
is anediunto hli gh r?ol egﬁl (gr %ilanﬁgﬁgs@%ﬁeé??g@add@ &EO% %Qﬁxfous

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.



20 polyner, for exanple, a cationic nitrogen-containing polyner such as a
cationic polyacrylamde. The polyner can be cati oni

Cs i c, or
anphot ewipam/sdk7 anphoteric, the polyner is preferabl1)i,2ctl{%‘ill§gi1er 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 polyner WO
01/88267 1 2 NOV 2004 PCT/US01/ 07951 -S- does not substantially adversely
affect the retention properties of the present invention. The at | east one
ot her pol yner can preferably be a pol yam doam negl ycol (PAAG polyner. The
pol yrer pr ef PRSP HFHYWOSE Rape '“&Pulﬁé’i'ﬁtﬁfki‘%tteﬁ?a‘ieéhb@mbﬁddﬁngdm about
100, 000 to %%O%t %5, OOOkOfOP, ags? nor e @Feferabl y from about 1,000,000 to
about 18 POBBEGOEC PHRBURSGK. Telldster By subigstiag the apperaodsinhishahear spnditipnst e. The

ol ymer referably b hi gh nol ecul ar wei ght |inear cationic polyner
gr )alt cr gﬁglgol“{%cri\%etde %g'lt%/)‘é?fﬁ%a}@ﬁ%‘gw‘?'ﬂ%?o 1@)@%‘#&“&?5’“@%‘%’?&@ sheet wei ght d

| i near c%rimg.i C %)ﬁl%lmersb aglg shear stage processing suitable for, use in
the pul pSoBRE et fiesed poov dheolymanian becAliRRiEgWnionie.or srasheferipbeier n U, S.
and. 4 9&3 775, which are both incorporated 10 herein

Patent5 Nost. 4, 7%% 71 . ) . -
in thair CAPICFUFons pyremativaly dherelymefican by adied vimprliangqusly with e fibwatled bef or e

the variqus significant shear steps of the papernmaking process. The
fi brous 8%%"?’88&@‘"%@1%1“8a‘iwf%ﬂaﬁﬁfeﬁa m croparticles can be added before or
aper maki ng process.

after the varjous significant shear_ steps of the p
According to P r%%rﬁﬁéls @%ﬁ'ﬂﬁlipHJE‘Fnga’Westfﬁ‘é“Sﬁraés‘@‘?ltfet?‘ﬁ‘%ﬁltsfeﬁhpf"m aol ymer can be
- -added befiore the fibraus 15 cationic colloidal alumna mcroparticles and
before af o raxd{tinge ‘5‘??!% Lasetioais@glaceiapids is upsdas thp eptieniapdlimey, proocess. | f
t he pol yner ti S. aqded before the fjbrous, cationic colloidal alumna
m cropar {1 &t saic Pelxaerylamifiean have & mleculas yeight in eppess o P SPQansiprefifrablds a f i nal
shean,stgp of .t hﬁa a erﬁki% process. Although it is preferable to add
the pol yner: £o°¢ éwggﬁte‘?f R 8“tpltﬂ°B*00(bf§‘Folt3é’09?H - [Thes¢ombinatign ¢fdhnt in t he
paper maki rocess,, the pol r.can be added after the last 20 shear
poi nt . Tﬁée}%f'igbar" %Slge f&tﬁ?‘fsocﬁﬁ “}c/&l?ll‘”gial&é‘fm‘é? OreRgrticies pesiably erpedespr ef er abl y
form bri gﬂ%ﬁeﬁ)ﬁancnqe vvorF_s bet ween._various particles. The polynmer is
pref erably - Partital 15V SP fFEeradeyderye finesteiention,gagd naper rpatien. santthces of
particl e§ndv¥éstispgnget%tgﬁeastock and can provide sites of attachnent.

T.

- 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



WD 01/ 88267 2 Nov 2004 PCT/ US01/07951 -9- Aqueous cel |l ul osi c paper maki ng

pul p or stock can be treated by first adding the p$l ¥NOV 2804 he pul p or

st ock, Wwoloimesyed by subjecting the paper stock to hi 9@&2&%‘35/{)‘89{‘& tions,

followed by the addition of the fibrous cationic colloidal alunm na

m croparticles prior to sheet formation. As di scussed above, the pol yner

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

Al ternatively, the polyner can be d8ded si nul t aneousl y with the fibrous
articles. Preferred cationic

cationic |1 oidal. alumna mcgraq

pol yacr ylgga%nsggrsmfog?apﬁ?gdé? atdﬁ”&a?‘gf’@mﬂ“g?fa@y?f’@ﬁ?%?wst‘a?béuﬂél@scri bed in
nore detajl below. |If a cationic polyacrylamde is used as the cationic

pol yrer , %ﬁ’egngaetv%ﬁll%e g??{aﬁ&?%%oﬁég%ﬁ%mﬁé?/éb%’t hf seus 2er weiofht in excess
of 100,0 n referab 0. .has a nol ecul af wei ght of from about

1, 000, Oog%aeﬁs c%@?ﬁ%ﬁt%%{hx"ﬁﬁé’th@bmuﬁﬁﬁw 8-t he gpoI ymer and the fibrous

cationic col ll?{hgalnl al um na .m crgaglar.tl cles preferably provides a suitable

p
S PHGPOIYRHEE e AT Ohcen g6 strd saer

bal ance between freeness “YefdY
rresi stance to _shear. . The pol yner conposition of

formati o e h,. n

the r gt e l{efeg}r?[yscgs e@%’ﬁagcag%dce@bf"ﬁrsa‘f?mé‘??ﬂB’rﬁssoé?’fegc‘f‘t‘tih\PéP"E‘Bak“!E?a‘ﬂiF’%f erably

i nprove . i e.or retention of .the pul onpared to the sanme pul p but
havi ng h%gb’g‘ﬁ%@?%%ﬁr‘%%"é ’[%e ARSI e RSy, E}"g"%‘rﬂé’? HoMe polypraiaclide: an anount  of
at | east . pound of , pol yner per ton of paperstock (or pulp),
based on b‘?%ge%\tﬂte]?“gl%t% t%fcatﬁ’ﬂcé@mg%IHF%?“B‘?'EB‘E)W ??W?ac“ﬁ%e RobmgFrefor gxamplene

: .,paperstog(%&)bl aréigslo{rore PE%I?GE bly in an anount of at |east about 0.1 pound

- per ton of paperstder’? é‘”tEBF%‘H’é'FW%WW@EFHHEF@W“WQ&%WWY@? f r om about
0.2 poung ar)nertraﬁtﬂ on_ of pa 1erst )ck to about 2.5 pounds per ton of

paper st oCK, "baséd Bt Z‘&f OBt "SBPFeasORRNgS catioic pehymets aarefersidk,  t hough

ot heny anpynt s ca . be used. If .‘%llhe }pol ymer is, a cationij chigol ymer or an
anphot er e poly FerP i HadPmEs YHid B2y B Seralymesized wilk apslapidertojfempr ef er abl y
added in rg%ﬁ[%[rf%ﬁnt. of from I%Pout b grams to about 500 "1 2 NOV 2004 WO

01/ 88267F e pgters dsgtul geoine g%ﬁhePbﬁﬁe"Bf“ﬁ%@?’glﬁf&@R aginogligtt y basi s,

more pr eésﬁe{‘saglagw id c(J)l"nr}le%lggrle/ ic z%%, gr{da c[{a‘islly}a(r)nir?éts) ?rlfl githglp r(lz:utralized or quaternized
form. Exemplary cationic monomers 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. Fur_ther, for purposes of the present invention, 2 mixture of two or more

polymers may be used.



grans, and even nore preferably from about 50 grans to about 100 grans per
ton of paperstock on a dry basis, though other anguntRQ¢aifjpe used. If the
pol ynmer wiosnssst oni ¢, any cationic polynmer or mxture I‘dﬁﬁfs‘ﬁ%w?xan be used
and 5 preferably conventional cationic polynmers commonly associated with
papermaki ng cart be wused in the pulps or stocks of the present invention.
Exanpl es of cationic polyners incl ﬂq_e, but are not limted to, cationic
starches and cationi c polyacryl am de pol yners, for exanple, copolyners of

an acryl am depWiR4ideSath o0 poper .. wherein the cati.oni ¢ .mononer naybe
in a neutralized or aua%v!ée?%lg‘gga?’%?rmom P??%%é“ﬁ'fc??)ﬁﬁcéﬁ ‘ﬁegnelﬁ?rflﬁni c pol ymers

f e ide I -e otymer, prefer eh b ! h . d

i th o PR LA e Bh i oD Bl B bt e B o (g £ 0
th i i i ] | | ter, f [i o

e L T S

met hacrylic acid, an a amnes 1N erther neutr

form Exeioad7s npc@%io@ﬁ'lisBoifml\%?sﬁéfégb}/n@ﬁeadzﬂgona gatigr% acryl am de polyners are

described in U S. Patent Aron.C JPmomRET- a1 . which is

| ncor por at ed Neeidmiihgirf FRNILSE! b BY cort oAU ENSE - The pol yrer may al so

be a pol yacryl am de formed from conmonorer s et uder 15y “xanpl e,

Lt et o amaiod e by U QML DAGL VAL e TRERORML phate O her

exanpl es of cationic polyners, 1nc are n

homopol y 519l e e JRAQBRES ASRPRIUIP 1S, Lenll D02 Ky esters of

acrylic acids, and pol yam nes, escr T

4,894, 114 0 i r forns o olymers may al so
“~be used. Flﬁ ﬂg?{wﬁ? %?il)nuﬁr‘%?)[dsagg‘g %ﬁ{ﬂﬁ%ﬂ%‘? g@%%?qepf‘%e%ﬂ?‘?gcﬁ#p’ g‘“’ﬂ%’?f ure of two

or Nore cpe: , 88267 2 NOV 2004 PCT/USQ1/079-51 - 11-
I'n enbodi ﬁ%‘%’fﬁmﬁé’?@?‘%@?ﬁ%‘?—%‘éf ?%}eg?lg%ﬁﬁgﬁ%? %mBﬁieiVBﬁ?’éﬂdg%F?Fa@F%/l ani de,

prof o abl Ty AR sl sp el ARt RBIR asdmeoghBre |y | n an
anount ofng,aﬁ}eg{f@@cth?mpg gﬁmm?ﬁ(erml % From about 5 nmol % to about 70 nol % of
the polymer is preferably forimed froma cationic cotnononer. 5 The

an cont A eer ol aShe R P ol o R kP e Bfat r at on o
pr ef er abpyp atstbeasid a ﬁffﬂgjrﬂaking wire. The pulp or stock containing the retention aid system
has been found to exhibit good dewatering during formation of the paperweb on the wire. The
15 pulpor stock also exhibits a desirable high retention of fiber fines and -ﬁllers inthe 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 fro:.n 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



'50% by weight of the total dried solids content in the pulp or stock. The
retention systemof the present invention can be a y different
t ypes otwvgmapsmmeki ng pul p, stock, or conbinations ?SQB ﬁ/ stocks For
exanpl e, the pulp may conprise. virgin and/or recycled p, such as
virgin sulfite pul p, broke pulp, a hardwood kraft pulp, a softmood kraft
pul p, mxtures of such pul ps, and gﬂe | ike. The retention aid system can
be added to the pulp orstock i n advdhce of depositing the pulp or stock
or stock cont |n|n the retention aid

onto a

system pﬁgglggg?#}gp hetm %‘5‘5""?“"@95’6@0'8@9%?"&? inglyd yeialle on of the
paper web or .stock_ al so exhlblts a desirabl e high
retenti ontfy?qt E{b%gwh{d s|trrtlces’s"macling %"1“{08 ¢ Qiqropartigles dlescribetoln U8+ Rt Nos.under

conditio [ess i n the pulp or stock. In addition
to the rgﬁggﬁ?%%ggiazbg%f”ém BSdY M ra%@?‘S‘l"g‘aEHE‘éc"vﬁ“ 'ﬁ“?sr?é“‘ﬁﬁ’-rescenif i nventi on,

the papermki. t.ock. accor to the present invention may
further cont atlpﬁlsJc %ﬂlﬁm% St? Cksé){;tho il 'f“é 5P |ac§P”et§§‘°1hB‘ft°r§§<5f‘Fﬁ?Pémca synt heti c

hect orsi t ; LG 6 ve. nor.e di fferent types of
secondar ;e;id&rg ﬁ%ggé H %}"g naggltgl éesamod?tf f"é’f"é‘ﬁfm?‘rag?r‘fttoﬂé’of‘i‘doﬁ’edﬁ@’ *ationic

col | oi daI | es. added to th ulp at anytinme during
t het Er ;)c es:saj% %gseg}e”g%%%%;S&%S '(‘;"F%Bg’?%ﬂg “%‘d@?aﬁc%?g lpaﬁﬂfﬁo%atf’lur al or

synt het i non-acj di ¢ alum na sol, or an
)c/)nventl %%a?gbgﬁnltd%ﬂﬁr %%tf%% AR §8J%{§bl’ér"ea g\‘/?ﬂ ll?"“ﬁ“’f‘f?d%"é“’%ﬂk"i‘qlff Bd WO Y

01/ 88267 j2 N B 07951 12- art. Exenplary synthetic
" hectori tel%}n crg[%s%rgélﬁdc%égi ?rtslo\c/:kelé]a[’ﬁ'ﬂ?'ﬁldg {RP%QFWW%‘PW% basisr om Laport e

I ndustri |c m.ro icles described in U S. Patent Nos.
5,571, 37 &toﬁﬂg %%EJ g??zfgou i€ PRungper tF’hQ’iﬂ"Bﬁ?‘%‘f‘%BaS?Fe?"é‘”ﬁd?"l‘\‘df’c‘M‘egfﬁ entireties
by reaher in t s or stocks of the present invention,
a syﬁphet%?@‘?ﬂag %)?]T’P’ g‘?e(B?)rg?Lf"Ec?f’[gHeS‘P%dl tive can be present in any
effective a ' s fr mab ut. 0.1 pound per ton of paperstock,
based on thgq ?‘.Idé“ ‘F SO 'ﬁﬂ'{; lP‘dBI&l“ﬂl'Eﬂ’é'cﬁ?Pg?‘%“ﬁaﬁtﬁ“P@} 3kSYSieid t he

paper st og per ton of paperstock. Preferably, if a
synt het i cé%ﬁe%?q%orriﬂ{age%ﬁ%h(@e Qse '“"F‘é“- e?ﬁ?&‘i‘%@'&p"lﬁm isecksaeretingdot he pul p or

e k- B S AT eSS oo

vei ght  gifferen; composition than the retention system of the present invention.

15 The papermaking pulps of the present inveation 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



10 of the paperstock, though other amounts can be used. In addition to the
fibrous cationic colloidal alumna mcroparticles retegnnpyn2idhd system
used i nwaagenelance with the present invention, the PARELHE /jnﬂgl pul ps or
stocks according to the present invention may further contai'n a

coagul ant/floccul ant retention systemhaving a different conposition than
the retention system of the present_.invention. 15 The paper naki ng pul ps of
the present invention may al so cont®rna conventi onal paper maki ng

pul p-treatli enz that has cellulytic activity. Preferably, the enzyne
conposi t ?}gﬁﬂ%n%n%gﬁq pﬁ?%gedﬁﬂﬁfrt‘?éfnp’ﬂﬂszfl'ﬂ ganfurthey F‘{“ga.‘“ molxethylsheslyakymes and
enzyme-c ini,n C sitions incluyde those described in U S. Patent No.
5, 356, 80 ‘%/ge“ﬁ 5’&%’&5"88"’ ?‘3 ‘&&P’En‘i"*’&%%ﬁﬁwa{@’eﬂ%’ gigerinsg refer amgigher | | ed
February 20 t:(L)9S?8h and Inter naftﬁ_onal Publ i cati on No. WO 20 99/ 43780, all

i ncor por At ed Hat &MA™EROPRSTton gfditivesas b epymple detcrbrddn U ReentdNeenpl ar y
paper maki l.p-treating.en s, are BUZYMETM 2523 and BUZYN ETM 2524,
bot h avgiriﬁ‘sag:iﬁ'eﬂfer‘%%ﬁ"ﬁd’éag r‘?ﬁﬁ‘%‘%"gﬁ’&%ﬂ i 88y GOoRY St ipRt freat such agin an Menphi s,
Tennegsee, A pr.eferr Llulytic enzyme conposition preferably contains
{ £ om oo oS E 00 G vyigihl Suorti oy NoshsopmehBed g8 Y7

PCT/ USOL10Q.7951 .- 13- ight. enz . The preferred enzyme conposition can
further (%V g’ téll:l;.tr%le B 3‘!”3/%??‘3?’8‘?6&&?%8'1 OJES f@&%ﬂ”@ﬁ@“@‘l‘%&ﬂf-’@% by weight.

pol yvi nyl pyrrolidone, . tetrahydrofuryl alcohol, glycerine, water, and other
convent i onal hgr?zpfe e"%jo?{?e)bggi"f%“gﬁtoﬁ‘&? TG dQventinn, AR enzyng pempositigader i bed i n

-U. S, Pat ... 5. 356, 800. . The .enzyne may be added to the pulp in any
“tonvent i g‘ﬁ%f‘%’ﬁ%‘ﬁ p l?n 0538% and conjaingpr éaséﬁ%?ﬂlyaﬁ\‘def"rhé?ﬁ“ﬁ@mt lgst@oe | 9% by

wei ght tgﬂzgrlgg 0.1100°o.b vvei,lght n_z%/rre based on the dry weight of the
Ul b 1 o P2 s RO B 61 S VATEA R RN e GBI BGEO9% by el ght
In alBref %rréacé eandi ment .of the present invention, an enzynme conposition
i s includ&d"f FOTREMSOT FobtRing eivamie olighmers dad srzymenare deseibedlivam de
ol i goner, and..at t .one,. enz ~The_polyam de is present in an effective
aroont o SRR PO SbofRENT B MR YAGh bmsprretsa bmeiiin Rons
cont ai ni ﬂwgii%pt}yyrgtgiede ol i goners and enzynes are described in International
p

Publ i she i"eatlon No. WD 99/43780, which is i ncorporated herein inits

entirety by reference. |f.an . enz conposition is included, it can include
a conbi nat | orlll%lélfe"%’(f\]rlfﬁ3 SPPRHoR IS HF%&ET%W B Q{Fﬁ&mbmﬁ@“ﬁm ®PHPOSi ti on can

I ncl ude, diﬁ&%nt%ﬁ%ls.e[’he %nz%?n@%grgggslti%r? cz%f inglude, 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



15 lipase and a cellul ose, and optionally can include a stabilizing agent .

The stabilizing agent nay be a pol yam de ol i goner 2{}Wd herein. One
parti cuharoiderti ve for use according to the net hods ol esent
invention is a cationic starch. Cationic starch rray edto 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 papernaki ng appar at us ot “system of t he present invention. For

i nst ance, s m rpcqe %t arch. can be added to a pul p at about the sane tine
that the ‘aci g atg‘b BRHP- BT??H?WH%S“%@’P&‘? @teﬁﬁﬂwqréd%?ealb’@%ddeﬁoéfeer ably, if a
cationic aarﬂcépth [‘r}pt# is added to the E conbined with the
pul p pri ODr o e PRI 'ei‘tﬁcewi"? HY BaEne aepHiaat E’o‘iol“b EpAdrred [catiphnisa WO

01/ 88267 PCT/ US01107951 -14- microparticles to the pul p. The
cationic éatcétcsgw Béhg]t SR AETELioy pefpto staghes: 63 PPheseandndesd webendhe  pul p

after th ed with an enzyne, a coagul ant, or both.
Pr eferreg pclﬁ%%D%rncoglfblnatfoa?ﬁ‘ﬁ'@% include, but are not limted to, potato

st arches, cor t es er wet-end  starches, or conbi nations
t her egf 5 mﬁ%“é’n mfgil afm‘a‘i%%ﬁtagcn(ﬁ?“ beradicdiio thepulpeAn exsawlanamavat ¢ful p.  An

exenpl ar f tar t can,be used according to the present

i nvent i o)rgt" aﬁﬂ‘ﬂ#?%aﬁ]%agsgg?cc af% ?Sc’ﬁﬁlvﬁ'gtﬂ‘id%ﬁo"b@io“‘tsdﬁa@&*s@cpoemﬂst he dried

solids hzti agg mﬂg@ F' A bi oci e may be added to the pulp in accordance

with con s on figded O‘Sfi?f&‘glﬂé’g eP'i‘iF'paper maki ng processes. For exanple,

~a bioci de may ? g d%taﬁ the treated puI in a blend 10 chest after the
pul p has been 18 ?@ay ?tht?fgeﬁ‘&‘f‘é??ﬁi a%‘i‘?i‘ﬁl’iliéo'&’ﬁﬂfloﬂ@IWfblotBﬁqs0| des usef ul

in the pPaper m‘:tk{H gﬂ_g s _according to the present invention include

bi oci des "WSFT R 8 eg°Cs- F A SEEIRlg ‘P@é‘“ﬂﬁ’ttei‘iéde&ﬁqthe?@?edeklamtéendbi oci des

avai lygbl n, Labor tori es . International, Inc., Menphis,

Tennegs egheséa%c e%u Fg%%iﬁﬁ‘fﬁ Y et thegptiopplenzimesad privragr Rigcidegpsefubia pr esent

i nventiog ma aerm qtlltl nal ly be treated with one or 15 nore ot her

conponent s, P RCHHH ?1”3‘) % Jis @ tMﬁeﬁé“Véﬁi*%P@“@W%ﬁwP%hil%mtiel ymers,

cl ays, Qegkl{)é i !?r def oaners, pH adjusting agents such
as alum mcro IOCI Fxargplpebio \Fé’ﬁt‘qbt?nngp%tﬁEi“ﬁ‘hi@‘P@af@?esproceSS| ng

addi ti ve?Tt JJE‘S? c “H%fles can be ag %3_{ before, . during, or after

i ntroduction of the LempetseomPas i SN BCciietini na mi croparti cl es.

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 bet"ore,

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.



Preferably, the fibrous cationic colloidal alum na microparticles are added
after m)s%/, if not 20 all, other additives and cprrpH]nErN zfﬂ@{ added to the
pul p. Twosusgee fibrous cationic colloidal alumna nisHreRdehic! s can be
added to the papernmeking pulp after the addition of enzymes, coagul ants,
flocculants, fillers, and other conventional and non-conventi onal
papermaking additives. 1 2 NOV 20%% WO 01/88267 PCT/ US01/07951 -15- The
addition of the retention systemihn-accordance with the prﬁsent |nxent|onA
can be practi.ged t, if. not all, cqnventjognal papernmaki ng machi nes.
flow chart  of 1% iR rsigriay Stahin srorcaier Vrtﬂaﬁwaﬁeenm@nmanan et hods o
th resent invention.is set forth in Figure 1. It is to be understoo
th:t Phepléaf/técteceiﬁ']”snﬂs “Oltgzﬁ CRIVEL A PaRemaifn qT_I@E'ﬂ?se_sent ilnveﬂtl on ?nd |fs in no
way i ntended restrict the scope of the jnvention. In the systemo
s R e 10 rorn

oncentrat.Lon. i s.conbin wih a oW
; treat eg;e%églpg%ent%les 55‘&%%‘11 VA %?“’%&1%‘Séﬂ@gﬁ“i"éﬁ?ﬁégﬂlw@ Sﬁ};‘?r\l 6%‘”6}“5 pu:c P, i’:l; for
‘exanplze, i rom ul. ol ding tan r.silo, e supply of pu
s)r(lomrrnqlsi n %I 8udﬁe&ﬂhéﬁr%&ﬁ%"ge“é‘grhﬁgi‘st n q‘l’gf i ' "‘%ﬂﬁ‘l’( resgift ﬂi’@“ﬁ’i’?? Ttan_lf_,h or
ot her co l.ner a or m.xi zone for the flow of pulp. e
suppl y g’f% %{éﬁgﬁ%hgg%%ﬁg@ﬁa% 5> a9 ‘%‘5‘?&?’8& OSQ'EP?BF B?mPSS‘H?}ﬂPﬁﬁEF‘%\_r}E hav: ng an
outlet i | catio ith an inlet. of a treated pu t ank, e pulp
treat ed \%lmtc‘%l t ﬁquecn?]yf’rlg ‘é'}é\fﬁ%igos“{"f%%ﬁa"f o PRRRTOAng Y mf‘ﬂ‘i‘@agﬁé%ﬁ’é@[ pu:jg_ Eank

t hr ough fi nd then through b| end_chest ere optional additives,
S for egang?ge%%p E\ly %ﬁgﬁ%g‘gévil FRreSHE P @’é‘v %&Vl?f Aelr Wfa{“rﬁler ﬂ@plf"féo’&ﬁ’eadi%l {) OITheI
refiner . inlet. in ¢ nication with an outlet of the treated pulp
t ank, angﬁglﬁg %ﬁlf et °‘i¢e%’8m1‘h’éﬁ?‘8}f“\ﬁﬁuﬁ Lnbp eqndet. h?lﬁ‘ég?ﬁlf’éﬂd (t:)lhesfj .

ing.t.o the epbodi nent of Figure 1, the_pulp treated in the end

éﬁgg?g: gglf)har?sgs%ng - OF ?Hg?ﬁogtﬁm%ru?alssége > OF < 20RgfoE e 8w ehiudn, ke suprb mruni cat i on

t inlet of a machine chest. 20 where optional additives may be combined
wth 't hoof PRRrech RN E B o <CHULE. S s Ak EnB s B B of any

conventigpﬂ! .ype known .to.those skilled in the art. The machi ne chest
ensures a el\'/nté%{';%"e\gg],a"t"ﬁgtc’fla ‘?a§e§p31l(§ ant pressure on the treated pulp or

stock N oughQU b B MRS EERE BRTbLAh RTabOP s T Sl iy e 71y @t the

~ through 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 inlet of the
blend chest,

According to the embodiment of Figure 1, the pulp treated in the blend chest is passed

from an outlet of the blend chest through a communication to an inlet of a machine chest

20 where optional addifives 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.



1 2 NOV 2004 WO 01/88267 PCT/USQO /[17951 _16- Fromthe nmachi ne chest, the
pulp is passed to a white water silo and then to al faNOYudili The retention
syst emyelyyspes of the present invention is preferabl ypé 09@ ced into the
fl ow of pulp between the silo and the fan punp. The supp{/ *}etention

system pol ymer conposition can be, for exanple, a holding tank having an
outlet in communication wth a 5 |ine between the white water silo and the

fan punp. As pulp passes fromthe i punp to a screen, the fibrous

cationic colloidal alumna mcroparticles are preferably added.

Convent i onal P&%’P\a}]?erf&acﬁ‘r’i'ﬁ ChsSthe pﬂg’éﬂp?SFch,tBﬁrYﬁ%tf’ @S siiotard thee todlfani ng

conventi olrl1al T ddjtives can be riL;sed. The screened ﬁuj p passes to a head box
where a WELP pAPSFEIRSYSUPIbIRFE O he RIesrRtiRventignds Rpfarebly troqueediitte they st em of
Figure 1, draine ulp resul ting frompapermaking in the 10 headbox is
recircul 3?‘%8??‘@" gﬁt@eﬂﬁtﬁ d908f &he Tep pymp- | The sppplefisantior systeshpsbmdrn Fi gure 2,
the fi br%]ré oS l(t)rll oani ¢ col | oi dal ﬁJ.un‘i na mcroparticles are added first to
the refined trea gge’pfl%ﬁ BB et ingfankgay g apattlet insppunipation With af an punp.

The retenti t em pol r is added after the fan punp and before the
scr eeg.‘ Rneotf% ézr%'){glﬁﬁv&&?%%ﬁwmftﬁ%gﬁP&?B‘ﬁ‘fs PYRRasser Bemthe farpwmptba Fig. 3. A

pul p opt| I 5 treated wth a cationic starch is refined, passed to a
bl end chgcg{‘l'?’ %)hésfsiérau% Satﬁ’"}?af:‘moﬂgl Elywina  migrRpartiqies narg preferably caddedahi t e wat er
silo. Bebxﬁg&iotg%alv\qi te water gj lo and the fan punp the retention system
pol ymer 18 BroreraBing AX pymgs 1s5d ingannseiop withirrogygipssaavestipnplgddigves ol | oi dal
al um na Egn%ggsgg%gccl es c(Iarﬁ refer bl¥ added after the pul p passes through
“the screén and j ust- =BFiPYIP PEECHR AR Pos Whitre Bwet pepoishrst imads opawire 20 The
appar atug .of .the present inyvention can also include netering devices for
provi di n%“d ‘I%i‘*“é‘%i PQ@F éYS&CBhBQﬁE?“aﬁ graingd pripdesuitie Som repermaking incbe | oi dal
al umypa m eropart.ic of other additives to the flow of pulp. W 01/ 88267
"1 ?Wﬁ%ﬁ‘%W&%ﬁiﬂg‘@gé‘m-“iaﬁ”ﬂ("cl eaner, for exanple, a centrifugal
force cleani @{gﬂgevi%ﬁ can be di sposed between, for instance, the fan punp
and the scredh PaERRARNE shoxmatty Figtre1h dhe fseus sationss cofloifalplurisa 1- 3

microparticles are added first to the refined treated pulp between the white 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.



above. 5 EXAMPLES In the exanpl es bel ow, various conponents used in the
exanpl es are abbreviated. In the exanples, the conpen ﬂmgnti fied as
"Oct asoWO 1488247 f i brous cationic colloidal alumna m m‘g 1lobsl e so!

avai | abl e from Associ ated Cctet. Wien foll owed by a nunerical value, for
exanple, COctasol 0.5, the nunerical value represents the anount of pounds
on a dry basis of 10 the Octasol m_gfoparticles per ton of paperstock based
on the dried solids weight of the paperstock. "Cctasol 3.0", for exanple,

nmeans the papgr i iAol A . QN . dry,.basis of Cctasol
S PapRlckhR forleRarkgle @Eéﬂg‘lﬁ\.@a} ig o8 c‘gargr%’qggg \ \?\aé]i bg H&spog%(d ge

per ton of paperstock based on the drie &“Paper st ock.
The abbr &Urliﬁdtdnéﬁ)tﬁé@%ﬁmb’%hds@reéﬁ%or‘&fnﬁ%yﬁf‘tﬂé@ib% im%r?@éﬁ‘?%?eéi&t he same

Cctasol fornulation identified as "Ocfaso I n ot her exarm The

abbrevi ataber. " 782" al so represents 15 the sanme Cctasol product identified
as "XP9" and as "Cctasol" in the exanples below The particular Cctasol
product that was used in the Exanples belowis identified by Associ ated
Cctet as "Cctasol 782," with the exception of Octasol products 317 and 1318
i dent isf i gkAMpLE@bl e 8. I n the exanpl es bel ow, the abbreviation "594"
represents BUFLOC(r) 594, available 20 from Buckman Labor at ories

| nter nat i onal n thd¥ampl¥dcl, isios éaiﬁg{;heﬂg };E‘e‘a%l L mﬁﬁ.&)gg‘&? %b%%%\f%gcgﬁ[lj & 000. 000

pol yacryl am de havi ng an aver age ecular werg

t o about thefex D6 } i e b ity..The. reviation "5031"
repr esentts &E%Ig@%c( r f&ﬂ%%gﬂf%;\%aﬁdgﬁlgﬁ%go%eﬁ% rré:n%ﬂlé"ﬁgfr?oé%g? paina

I nt er nat ingggpart oot avifibb&!hrohSA Rodidddl SR H 88267, 1,2 Nov 2004
PCT/ USO1/ 07951 -1§-avvvei ght cat?(l)néiﬁc p%'mérrrllq{r’l"eo\(’f\?gg %%umgrli%ﬁ%}é’%ﬁoérge density

and a nol @0 8B hd t 100, 000.t 0 about
300, 000. B D) 6 3t e A LA EresBlts e QRO R o O s 205

repr agent OdefshlYhlefefarGhias], tgﬁoéf'bgﬁe‘fﬁ&lkau%e% 0§1rtﬂgh§ekicsléff£nweh§1g§ [ §‘¥§ ories

International, Inc., which are ani-oni ¢ mcropolyners- i s '
T opat bhEheckchath) o0, 6 S oS ML O B BBty O S5O
I nc., WhidgmatiSof®cad] b%&ﬁ%ﬁs&%ﬁ Ez@em(%ﬂé)cfrieh @olﬁL &&81&%{” t&'nla gallpgrst%gks.t em
" The abbreviation "XP9" used in some of the examples represents the same Qctasol
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



The abbreviations "silica", "8671 ", and "N 8671 represent powdered silica
avai lable from Nal co Chem cal Co. under the traden gy 8671". The
abbr evi WO #8267 0rg 21" and 10-"org" represent CRGANM 130793,\/& | abl e from
Ci ba Geigy, which is a high nol ecul ar wei ght pol yacryl am de cationic

pol ymer havi ng a charge density of from about 20%to about 25% The
abbrevi ati ons "Bentonite" and "Bent,; represent a bentonite colloidal system
available from G ba Geigy as HY O The abbreviation "5376" represent

BUFLOCO  vadfboatigtibd : lntern t| onal , Inc.
which is a cat Foméfi,: I;%Eﬁr%lh&ﬂ?ﬁl H&% En%g%\%?nﬁ% ]éa)rr‘?'e % "?‘fﬁ a 95% char ge

density Q,@@oﬁaggytmﬂoggo%smg;%ow about 500, 000. The abbreV| ation "606"
represents " BUFLOC( 606", availl able from Buckrran Laboratori es

| nt er nat i onal pud gqg,,eway\@l{ Gbpj“sre seﬁ@'%ﬁ adm,&ez,,hav_i n{ﬂ a charge

density of from about 30% to about a rml gcul ar in the range

of from mWLﬁﬁC@QQ" D0 vatifhi ﬁ‘l‘%qclg]ﬁ?nqggm%ggééh;[ ration bal?é}? gif:lbon " 5057

represents BUFLOC(r) 5057, avali rom Pt es
| nt er Bat iRk nu&é}%lyme?@"ﬂkeglas frxﬁro%arﬂagrﬁle%fr&y%o ﬁﬁ%%ﬁs&g%‘h 6;1 j.ng a 0%

charge density and a nol ecul ar wei ght H‘E abbr evi ati on

597" 1 ePKeReSo LB 008750 B A Ll BUCKIRD, LaboLal or es

| nt er nati onal | nc whi i cationic ERe i mine

havi ng a 140k e QBorHENSinLY H% ol ight of fromW) 01/88267 1 2
NOV 2004 TRt A dbodeulnthiue iplored m&@%g%id%ggﬁ‘@@ about 3,000, 000. The

abbrevi ati on TrRIfReviffoR SREM %6%"‘"%1% %6}7151%41%3311 WALk A sbll(:'%?\];{til%] Buckman

'LabOI’ atories Internationa on| C fam de

having a ic | I i.ght of. fro t 17,000, 000
t o about ﬁg%%@agcg%rhglﬁ Q%Sdfﬁéﬂgeggg%;[ﬂng%%sgg \Xﬁ'ea% VI@R@S ‘gear in the

examibes 1 et ORORROBYN P Y GBS S GRLCY g,gﬁi,cmlﬁq fed cal ci um

carbonate which is used as a f ' represents a

SL2119 Q08 RARYR 140G BhK Eher ML {Uhro BN e B go@btﬂm ps puckman

151 from Bucknman Labor at ori nt er fti'ofia
representsy, PR ¥R iBRMChL Ot A64 n@eng..hl% e%frh %ntgmver n@w nol ecul ar
e

wei ght cationic charged 10 di pol yner avar rom B P¥4bor at or i es

| nt er nat kiae frdh €ibe GRZy RUNLSKSEDL 801 aﬂtfmvnaﬁ% et e}:resen UFLOC®

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



EXAMPLE | The performance of the OCTASOL fibrous cationic coll oidal

al umi namcro particles, 15 available from Associ atle@ NgYellliwas tested as

a retenWom/sgee agai nst conparative mcroparticle testnogtaghes 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;yere drained. Mxing was carried out in

a food blender. Drainage was perforned using a nodified Schopper Riegler

met hod.  fxwi 205810 € i L. P i inage test

i ncl uded the fol | g?x#%é@“???ﬁ%ﬁ%&%%ﬁ%%ﬂ%& %éﬁ%%%&??@% 00 rnL

gr aduat edavaidpid a1 Bucﬁnﬁ]ﬁBMJq&EIntana\(@\a‘fﬂ%%ggcﬁzsa:}lagioxhp‘éi 20 amliDdCT /US01/07951
or ;o a

-20- 5-gallon plastic bucket; wres vacuum l%%? and funnel (for
ret ent i 0NavinyaMBdhared s Shald $$Igu!ap@9@ﬁ§oﬁ&)% atf?)ﬁthl’iog) %5'[% {ooarlg):. a turbidity
-~ nmeter; a henocytoneter; and a m croscope. tal ni ng”Sanp es:'& sanple to
be testedomsobmken fromthe headbox. Enough sanples were taken for 5
multiple tests. For each test, 1000 ml was required. Because tenperature

has ans i mpact T¢kcrddidl PEQAsAL 1R PheSiso Wiearitiie !::HFEEQE 9&90%{. ﬁ'g Jibmt Ne sanpl es

were taken. For lab studies with the Tetention alds, Urni'sh was kept

at the s icpieRat BbuldefedNacNERARP IR SHRAW Sed as IOTLI RAflE SaMPI €: I

the MSR was cold and t he sanple was hot, was warmed up ‘by running

hot 10 ViEHeQEro@WEASA h:ﬁre%'flﬁ;%isﬂﬁ% Qé&,%j c:()fﬂ?r'lsﬂfg aﬁjen);l Qlﬁmwgll‘njhg%hg%? (\)faiﬁp wat er was

avai l abl e, cold water was use ests were con I'n e sanme way.

1t vas | sl es A BIQRaNERo oS B AAL Frllo AP REES Rr {1 nes. The

wre was backfl ushed with water before e tes fiber,

fines, andiaudiin iideliBUkd Bt idt o 118y RAMRIRoBS wERRULEG DY, ARt 3t i NG Lhe

fiber slurry in the bucket. 100 rry“was mneasu in a

gr adup edkisinen SRfaA R BHLEHN Lgﬁo&t%ﬂggg@&na b I,Wélﬁgﬁg{;‘ﬁgome pl unger

down. The graduated cylinder was un pﬁﬁnger was
t hen rel easEbaEnsket he stop watch started at the sanme tinme. The tine
required for drainage of the sanple in increnental units of 100 m was
nmeasured and recorded. The

EXAMPLE 1
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



increnental units of 100 mM chosen were purely enpirical. For exanple, very
sl ow stock sanples were instead measured at 100, 130p pay 209 nl drai nage

times. Somwmisges it took 20° several tests in order tpcﬂﬁ&ﬁfo’}ﬂﬁ'f'e t he
starting volune tests. The different |evels of polymers 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. Drai nage

and retention values were conpar edzoégai nst bl ank furnishes to determ ne

i mproveneqy .1 syre retention 1 2 2004 WO 01/88267 PCT/ US01/ 07951
- 21- pem‘%arirlﬁ'h@%s?‘%?ﬁ%eﬁ\}é Sff?‘lq‘%#f“af‘ éa%\sa%f'}g(ﬁﬁgg‘&erﬂ {fhrrgigrtiony Whatnaei ghed
filter p ied i.p a ver at from 105 C to 120 C, and wei ghed agai n.
The wei gﬁ#ﬁéﬁs{l E éerrp %pﬁésé%ﬁ%sg rﬁ?eé'g?)rptféﬂb'fjwrﬁﬁ?"rﬁ!?e"BF%?r?ﬁi?j@“f'PW&OSW@P-e conpar ed
based on diff gﬂ%nl velleg of additives (i.e., starch, polymer, or

ni croparti cl esgj EirT'Fe€Fent furni shes. Drainage times were highly
dependent on L.abl such, as. te ratures, furnish types, and
refining. Dr aﬁ%gﬁéé%ufb%é%%&&ase&r{%‘?ﬁ“ cfgggﬁaﬁbcg‘egﬁ‘?’ﬁ@éswesé‘%ﬁ%alﬂ%ﬁ%ne | evel .
The tof al,a45PE0d WS timted wth a turbidity meter. The
filtrar o mme) ggr %g’{'/{eegbédgﬁ%’r' S’?’t ré?“é"ag'?’:‘*oe"ﬁ’é? SRS privwat %ol i ds.

ol 4o COGRL el I, LLLALANSGOM e LERRLLSPEND T, and weed Lo

indicate the retention capa tres

nunbers i, ditsakho tention. 10 For repeat tests, the sanple was
taken from the lségrrgq%flggcevasg%gtnaé{hf Flaéﬂeﬁ?ﬁff’eepﬁ’éfﬁﬁ eﬁ‘?g'g‘l"é?ﬁ'i’efaf‘“&/as ensur ed
~that the furnj Lhtion was the sane for the repeated test. Repeated
“tests that dinge%ﬁ%gtctﬂgga(}%é&mthi n reason wWith a correspondi ng original test

(St ous el TR il R O SPirtt pmancbi o g
1 o et Srto BRARS Rl R0 Ene fSkMeeshos etk e iRl Brergmmged i ros
vere not  ugedy, Al tests E%re conducted in_the same manner and at the sane
consi st ency’ Eaper i raupted e 3Aag w&’"&éﬁé? WPSERYShetiths MR wviesymsr i si ng 30

10w o5 ORGP e, B RS ot 08 Stchaes PR eCihiese a wiban. and had a
R e I P A R
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



paper st ock based on the dried solids weight of the paperstock. The PCC was
added before the WD 01/88267 1 2 NOV 2004 PCT/usa / 3793V iﬁﬂ# screens. ASA
was add®d@ e1gssfA anount of 2. 1 pounds per ton of paper st geky@hnmspoi nt al ong
the paper mll process where the paperstock was in the formof a thin
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 amount of 4.5 pounds per ton 5 of

paper st oGlerthi@faftetiné DB R BRALRAX fitdEdliiH e K fom Newsprint (85% TWP,
15% Br oke) pH 7.6 Pol yner ad&itt%acgiri\}b s*‘lﬂ%o‘g?%'%&‘\?&éPaPF"%%%ﬁ’c?“gé? ton of

paper st 00k frok a6 @ Mad-eCarilivlfifled 3R 198 Wil Ao ROLL. 11 H,gg})g',,\égg{ and the

paperstock. Al mcroparticle doSages were cal cul a . 10 ' The

resul ts of thprdifasd ti@ssSy i ol - Ln_each of Tables 1-4,
the colum headi ?\ggtslﬁ"slO%Q%\M}iﬂgg'b%@ghﬁﬁ'f%be@ Qrg‘!:ei%&easdg‘ﬁltv esf(?i%’ ‘%ﬂf‘ﬂaer of
MLt Qfofymf, of thiciohati@ - i hrough. the wire. The
correspoﬁ{(j)?ng ﬁunb;eorg')s luﬁéﬁ@h%g%%ﬁgﬁﬂpﬁgrﬁﬁﬁﬁk Hﬁgsa\% |rénl§§7_q¥de38?"§§[gﬂi’ t he nunber
of secondaridig e af @ﬁlpérﬂl?res'; ﬁﬁﬁﬁ%ﬂeﬁﬂ%ﬂ@%tmﬁ% gﬁ'%igégegil Ieslsl l‘gll:s g%ﬂd?'e of

filtrate to drain through the wire and be or "eX in the

first entsedsn®fforlé@bih oidme t k 'efm as al ", (having no
fo idme 71 tTRE t&é@@{giﬁr‘é&eag Ecilziﬂ% i %%.d Hen ?brgﬁﬁy

m croparticle retention systen) req secon of filtrate

to be draidde@dht Au@ie@bud 10 nhRbEnMe & QcBRf | ui r 32 seconds
for 150 m of filtrate to be coll ect eg?t anlé&?géjaﬁlﬁzr‘% U (ﬁ'(sasécc‘? K& for 200 m

of f111 [ aF RISRIMudaCeciilth RBLRALn hiiml A 8 b ishidaiind wheRlflictonyfiBAS L ed 11

‘units of NTU, is listed in the Tast ol unmm of eac besu%ﬁi‘?that, f or

XAl e, et 45 Belil (Mer i BhANechBRLGG, | 1St ed i Table 1 vias 232
ed an

NTU. For each of the various exanples test reported in Tables 1-4,

the niocr opar t Fdzk@eddl ésislﬂﬂ@sanlipfc@%gen ﬁ‘@t?th@ggﬁegpéﬁgaﬁohe S rﬁg ective

point in the respective papernaking process a eac'llgtg?p%n?fgla ention
pol yIer s sy, a0g8knlred iktahe AR SHBESEIV G %92;4 f ne respective
paper maki ng pr ocessn. I‘(\:/\AD 01/ 88267 1 gﬁgy%"g@&@ O[Jgf)lrf‘ﬁzfﬁ‘g%ﬁ'

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 bent 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



-23- In conclusion, OCTASOL worked as well as the bentonite system The
performance was better than a dual conponent systeQ%(Pgﬁyl (6 with 594).

co ro can be seen in Tables 1-4 bel ow. Jeported in
iggle ng#gsfﬁgmn graphically in Figs. 4 and 5. The ﬁgéﬁﬁﬁglﬁé{reported in
Tabl e 2 are shown graphically in Fig. 6. The results reported in Table 3
are shown graphically in Figs. 7 g#% 8. WO 01/88267 1 2 NOV 2004 PC
T/ US011(17951 -24 TABLE 1 10015020 rbidity Bl ank143262232 594112646141

3 01 59410314807 L ALy T et gttt FeskpiRgpipiok 5 gm0 0ot acof
3.0/ 5511 %@géﬁﬁp %%éé&’%%t %SOl 1§ 9 193480 f551 1/ Qct asal 33, 092?3783 5?(]5%/22471?21
0. 5511_18% i 05 FOEAAF BB /.%‘T&*;fff?‘ig%“ggﬂlaﬁég% gﬁ%%ﬁi 02
Ei 2;8265%&5%{6%&3%%93%% th%%&%glg,ltﬁeel:lgc 59;1 glas a]a%e in an amountof 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.



Org 21/Bentonite 69203695 TABLE 2 100150200Tur bi di ty Bl ank143262232
55111120 3699 Cctasol 1.0/55118172969 651115450 1, 051 RBgntonite 4/ Og
2191933Wb deniceni te 6/0rg 218163088 WO 01/ 88267 - 25 ﬂ%%?%%%.wm
100150200Tur bi di ty Bl ank214870232 Cctasol 1.0/ 59411244 &t hsol
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 di ty Bl ank214370232 Cctasol 1.01594122647126 Cctasol

3 O S oo IR, ScPASHERILR WA a2 Benibnfle ytent-he porkormanca

was better than a dual component system (5031/5376 with 594). The comparisons can be seen
in Tables 1-4 below.
The results reported in Table 1 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.



5031 3.0/594122946118 Cctasol 1.0/5511 122547116 Cctasol 3.0/ 5511 " 5376
1.0/5511 5376 3.0/5511112444127 5031 1.015511 5031 3.Q1

54501. Owobik/k8583088 WD 01/88267 -26 1 2 NOV 2004 th¥ A 2@?1 EXAVPLE U
The performance of the OCTASOL mnicroparticles was tested against
conparative mcroparticle technol ogies. PROCEDURE: 5 Testing was done at
different commercial paper mlls. Information about the respective
paper st ocks used is shown on the gf&phs attached. The conponents of the
furni sh or paperstock are listed on the graphs shown as Figs. 9- 12
attached hereto. The %FPR and %PAR 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
exanpl es are shown in Table 6 and %pEA@hiical |y depicted in Fig. 11. Table 7
shows the % TFPR for yet another10 aper%%Pck. The rﬁfults reported in Table
7 are shown graphicallygip Fig.1§2. I}hconcﬁ@ i&Hfé& e nmedi um char ged
sanpl e OCTASCL (XP9) perfgumed we{l. A4 and  gew s3gpl es of the XP9
performed about the sanmessindi cati ng goad stakslity the 15

m croparticle sol.OFhe 0884 t s stow t hats OCTAS6L penforns wel |l on-al kal i ne

fine paper. WO 01/ 28‘2@‘71-@[592 NOV 2004 24 43 120
ctasol 3.0/584 10 21 36 97
Octasol 0.5/5511 8 16 29 61
Octasol 1.0/5511 B 17 32 69
Octasol 3.0/5511 8 18 31 65
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 99
Octasol 1.0/5511 8 17 29 69
5511/5450 1.0 5 10 16 44
Bentonite 4/0rg 21 9 19 33 91
Bentonite 6/0rg 21 ° 8 16 30 88



PCT/ 11501 /07951 -27 TABLE 5 Top 20% hard whites 40% nmanfold white | edger
40% hogged (tabloid news) pH - 7.9 cationic denantl 2 NOVnelfiL %4 FPR %-PAR
Bl ank30v32848267594173. 430. 2 XP9 11594181. 937. 4 XP9 2/ 594ARMuBe]. 2 XP9
5/594185. 142. 3 594 1/ CP3181.239.2 594 1/ CP3284. 341.8 5450 1/594179. 837.9
594 1/5450176.736.4 594 |/silica 1 79.836.1 594 1/silica 3 81.236.4
Org/Bent 4 74.630.4 Org/Bent 6 75._9533. 1 WO 01/88267 -28 TABLE 6

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 4
5376 1.0/5511 ! e
5376 3.0/5511 11 24 4
5031 1.0/5511 1
5031 3.0/5511

5450 1.0/5511 8 i8 30 86



Freeness m Blank 510 594 | |b 590 594 2 |b 630 0.5 XP9/594 1 610 1
XP91594 1 630 2 XP9/594 1 640 594 1/XP9 1 620 594 21NB45%05 600

59411548001/8267 5450 1/594 1 610 594 1/silica 1 590 pG@koldsk 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 negl| Bl ank

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.



94 1.4 Bent
594 1.4 5450 1/594 1.4 594 1.4/5450 1 XP9 1/594 1.4 XPQ 2/5
4/Org .5 Butt 6/0rg .5 5941.4/silica 1 594 1.4/si|2MlV3%DQ#94 1.4/ CP2 |
5941. 4/ WOPIH826NP TFPR 36.1 53.6 58.4 55.1 53.8 pfcdydsoiddsp 52.1 53.9
54,6 54 54.9 1 2 NOV 2004 PCT/USOL/ 07951 WD 01/88267 1 2 NOV 2004

PCTI US01107951 - 30-

-27-
TABLE 5
Top
20% hard whites
40% manfold white ledger
40% hogged (tabloid news)
pH-79
b cationic demand - .6 meq/L,
' %TFPR %FPAR
Blank 303 12.5
5941 734 302
XP9 1/594 | 81.9 37.4
XP92/594 ) 836 402
XP9 5/594 | 85.1 423
594 1/CP3 | 812 392
594 1/CP3 2 243 41.8
5450:1/594 1 79.8 379
394 1/5450 1 76.7 364
394 1silica 1 79.8 36.1
394 1/silica 3 81.2 364
Org/Bent 4 74.6 304
Org/Bent 6 759 331



Tabl e 8 shows % TFPR results for various exanples tez;@ﬂb 'Zb@l Table 8, the
exanpl es whi ch have been designated "PAC first" ar I wherei n the
PAC wasWd¥&Hbefore the retention system pol yner anecmuswioparticles. 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 otfyer 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 anount of 280 pounds per ton before the screens. ASA was
added to the paperstock in an anount 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 addi trxpLmofe t hese additives were all based on
a dry basis and on the dried solids weight of the paperstock. 15 WO

01/ 88267 -31 TABLE 8 25942F8wrs2. 3086. 9% 5554517821. 0081. 8%

955450. 57821. 0080. 6% 1255451, 013181,,0080. 6% 1455451, 086711. 0080. 3%
1055451. 07820l d1. 0080. 0% 3@%&56@3@03079. 8% 655450. 57821. 0079. 4%

85941. 37822. 0079. 4% 115545%s4343171. £979. 2% 1355451. 054501. 0078. 6%
4554517821. 0077. 8% 75944.5 2a0@&d41 0076618%

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



1None73. 3% 1555451. 0782191. 4941 1655451. 0782381. 3% 1755451. 0782180. 1%
1855451, 0782379. 4% 1955451. 0782279. 4% 2055451. 0782279 ip/22004.
55450, 5¥83%9826B0s - | F255450. 5782176. 4% 2355450. 57821 7BCTHE01/67951
2455450. 5782275. 5% 2555450. 5782374. 7% 2655450. 5782374.6% .1 2 Nov 2004
4.5 1 b/t PAC

PCT/ US01/ 07951 %FPR 4.5 I b/t PAC first 4.5 Ib/t PAC first
first 4.5 1b/t PACfirst 4.5 1b/t,g PACTirst 4.5 Iblt PAC first 4.5 [b/t

TABLE 7

Back 100%

ONP
. . PH785
catinoic demand

0.55 meq/t !
% TFPR.
Blank 36.1

594 1.4 53.6

3450 1/594 1.4 58.4
594 1.4/5450 1 55.1
XP91/594 14 | 533
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



[ [ [ first 2.25
first 4.5 1b/t PACfirst 4.5 1b/t PACfirst 4.5 b/t PAC
FQICt "PAC first 4.5 b/t PACTiist 4.5 I b/t PAC filr 3tNOWL.28B% 1 bi t PAC
first WOES®RE/t PAC first 4.5 b/t AC first 2. 2%dddoroBAC first 4.5
Iblt PAC first 2.251b/t PACTfirst 4.5 1b/t PACTfirst 2.251b/t PAC
first 4.5 1b/t PAC first :
230-

Table 8 shows % TFPR results for various examples tested. In Table 8, the examples
which have been designated “PAC first” are examples wherein the PAC was added before the
retention system polymer and microparticles. The results from Table § are shown graphically
in Fig. 13. The results reported in Table 8 and shown in Fig. 13 were from examples run at

5 paper mill 2. Figs. 14-16 show various other test results achieved from the examples run at
paper mill 2.

On paper mill 2, for each of the paperstocks described 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 amount of 2.1 pounds per ton at a point

10 during the papermaking process where the paperstock was in-the forrp of a thin stock.
BUFLOC® 594 was added in an amount of 2.6 pounds per ton of paperstock before the
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



WD 01/88267 "1 2 NOV '2004 PCT113S01107951 -32- At paper mll 3, various
exanpl es were tested using a paperstock having an Hb 2cNGWulikvity of 420
and a pkoafi/sgsb. The grade of the paperstock was a20 Mﬁﬁﬂu}f\ﬁwht grade of
Snowl and bi bl e paper. The conponents of the various exanples are shown in
the attached Figs. 17 and |1$ as are the conpositions of the paperstocks
and additives provided for all 5 exanples on paper mll 3. The additives
used in paper mll 3 and graphi cal'l-"gl' reported in Pigs. 17 and 18 include
PCC added in an amobunt of 160 pounds per ton, Ti02 added in an anount of )
280 pounds per ton, HERCON 79 added in an anount of 7.8 pounds per ton, and
CATO 232 starch added in an ahbtMf &f 17 pounds per ton, with all anounts
bei ng based on_a dry basis and on the dried soli dstwai ght of the

paper st ock. |1 jaddi ti 6% BUFLQC(2$ 5S5P4Cwas [added |10 shekor esthe screens in
an anount ofi—0.15 pnunr‘i per tan _and HA YELEX CP?2TNI was ad8edifiritn an anount
of 0.98 poufdd® ger ton>Before tihe 'scrpe®  On 1Papar -4 nﬂl-ﬁft:gr 4, a
paper st ock heytmg—the Aposttopanp—preperti-estdessH n Figs. 19 and
20 was nodi f?ge/d and tse%fed. A {HYDRE ag%ﬁlti ve]'o\‘?vas aégl% %%Eéfﬁe paper st ock

in an anoung 1off 15 PosHagIS per [Tongol} PEREr 3L Qw8 JeT Gb.6% fm@s il mary fan
punp. A CATQ_15A 15 starch way addedf to the paper|st ock | ma@smstanount of 25
pounds per tdfA Jof pap&#stock dt t. n&ehi e Iohedt . 8#8%} hes bltend chest,

al um was addedJdin an_apmpunt of ton df papePAt@ek and V- BRI TE
was added i ‘&4 anoun®df 20 ¢ df%papendtorLks-S Mfiter the
.screens, ACEdH j %f%‘ 28 ngE;n #15t on of

‘paper st ock. tsil%oa. b"ﬁ ton of paperstock

L —

archeh fions—were

P

a
was based o gfe dri E(594bui ras Wc'j:ﬁht 29 PTG P 'p'EWE_ﬁ’:;;; k4'5 'ﬂ/}e % TFPR f or
each of thejexanples tested and the ponposition df the | pgdgiti on system of
each exanpl ¢ megsted asmsset Tdrthoer nf Fiag7 19.1.060hg Yo7b: fnahit he
conposi tiong.ofl each retention systejm of each exdnpl e tpBA@fiistare shown in
Fig. 20. TestiPnig was &80 conducti.ed pns&h ynddét gd J86d) papést at paper mill
5. The resullts—dof WD 01188267 11 2 N/ 2004 |PCT/1USA / 079FRAC fyg-
q 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%]2.25 Ibft
PAC first
16 5545 1.0 782 3 813%| 45 bt
PAC first
17 5545 1.0 782 1 80.1%| 4.5 tbit
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 b/t
_ PAC first
26 5545 0.5 782 3 74.6%| 4.5 i
PAC first




retention tests conducted on the paperstock at paper mll 5 are reported in
Figs. 21-23. The conposition of the paperstock tes ezidez joperties Of

t he pap¥PH/BER? from which results are reported in eadrn@&bidbgs. 21-23 are
shown in Figs. 22 and 23. As with other exanples set forth herein, in

i nstances such as the testing on paper nmill nunber 5 wherein the various 5
conponents of the paperstock add upyfo over 100% the percentages are to be
considered as parts by weight as opposed to percents by weight. Additives

conbi ned wi t hat fpedRRES, SERSK RmRAPEL . L ncluded, a HYDREX filler
added in an anount of 60 pounds }ger tr%n%ég{? “%3%& g’feésgq?fc%%\v"@A 15 starch

added i n contuctaRPEI20 Bfd a1 FQYNER (REL OCKwedbym,added in an
anount of 22 pounds per '%on of 10gpap0eftrﬂ%'?)(e)1 {Et&%%a e?lpfmné'??’(% TS ng based

on a dry obSi®sand BleQapdr. T8e Sk ' ' erstock. After the
screen, ACCURAC 182@(@%\& ?LB2)&%@%[%2%[@%glal%ﬂp%%rla@r%%}%wg?&%agaéhﬁ‘gund per ton

of paper $1pock.anBa @f & RGoFHEERRS B%anrrgggo]}:kst 3 AgARd gig@id%daft*o?gg“m of 0.5

pound per ton of' paperstock. At the e proce fore the

form 6g dkairtpleadn papekGhill 3 ONRdbdddies RRERGaRE fuill &82 .added. The 0.3
pound per ton addition O ACC 1155182 %%?eau?é\}g%ﬁ@%ygpgﬁe\é\g%dﬁi on of 0.94

wet pound?7 aid 18 e1ude P00 Gdded AN aBEt bi X8 pOinds P& 1 Pio, RRUNG per ton of NALCO
8671 was equivalent to an addi tion of 31;9%11 \/\E‘?t%bﬁr?dgﬁg mtﬂﬁ%muﬂ} oduct. The

final adof180@6ur@ pérleh, BERCORUDAIRAN 5as 182 a | val ent to an
addition of 1.9 wet pounds of the pr o%%@?togg%éﬂ%ﬁ“@}%gﬁ or mance of
sthe OCTASCswmhGkaRInh b Sh@st G373odifl S8 tdnORith &3t £d agai nst
conparative mcroparticle tech?i’gl oglgtgrédni’ ﬁltg%lgﬁ\gﬁlﬁtesnoﬁ%ga%ﬁc’g&dq PR, OCEDLTRE:

WO 01/ 88847 add fed Qids e i Al d '
o R s B ER R ek SETe Gra me

performed using a small scréeen thr e drai ned.

M Xi WeFore fhe Edr@als Rldh es e used for
g Wefor s dh arhSunBorb 3Ol IR ud PRI T ERTM, 3 0T

both drainage and retention. tt Jar test was perf g 750 rpm 5
Dr ai nagea@ist dRIdBYbiRIbeHBh Bod tiditdsed Schopper R egler.

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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5  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

10 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

15 182 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.

20 EXAMPLE III

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

PROCEDURE:



| 3.0/594
81260 t ¢ asof 0.5/594 4828t Oc¢ asol1.0/594 4923 O t ¢ aso
4.818 59 4/ Cctasol 0.5 59 51145 / 4 (dasol 1.0 4103 5H8Y 2004

WO 01/88267 PCT/US01/07951

-34-
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
5%4/Mlicrofioc 3.0 95.7
5031 1.0/606 78.9
5031 3.0/605 81.2
§376 1.0/605 78.9
5376 3.0/606 80.8

t

3. 015057 41127 5057 /Cctasol 0.5 .

t agp! 0. 5/ 597 4938
?Sgalovl. 0 41234
PCT/USCG1/07951
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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 3.0/504 4 8 18
594/CP3 0.5 4 9 29
594/CP3 1.0 4 7 18
594/CP3 3.0 -4 10 22
x 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 0.5/504 3 8 28
XP8 1.0/594 3 7 19
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??.CO/ 594.80 594/ CP3 1.084.5 594/ CP3 3. 086.6 594/ 545Q1. 90EP415450 3.085. 1
594/ N86WO 11/8628D. 3 5941N8671 3. 084.6 594/ Bentonite 4. GsopEhLiBentonite
6.082.9 594/ M crafloc 1ABLE11l 594/Mcr 95. ff o 7 oo 3,095 7 5031 1, 016w
78.9 5031 3.0/60681.2 53761.0160678.9 5376 3.0/ 60680.8 WD (11/ 88267 -37
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Comparable results were obtained using the combination of BUFLOC® 594 with the
fibrous cationic colloidal alumina microparticles compared with the current microparticle
technologies available and tested.

Better | performance was obtained using a cationic polyacrylamide (PAM) in

5 combination with the OCTASOL compared to using an anionic or a non-ionic PAM. Adding
the OCTASOL prior to the PAM proved to be much more effective.

The method and apparatus of the present inve‘:ntion provide excellent drainage and/or

\ 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,



Cct asol 0.5/5944828 Cctasol 1.0/5944923 COctasol 3.0/5944818 5941CP3 0. 54929
5941CP31. 04718 594/ CP3 3. 0. 41022 594/ XP8-558R 0.5 362N®b4A0KPs- 558R 1.0
3617 S5MWOXP882668R 3.0 3723 XP8 0.515943828 XP81. 015943 1ARm7351NOV 2004
PCTIUSO | /07951 WD 01/88267 1 p 2 NO ~sn 2004 -38- Conparable results were
obt ai ned using the conbi nati on of BUFLOC(r) 594 with the fibrous cationic
col l oidal alum na mcroparticles c%gpared with the current mcroparticle

t echnol ogi es avail able and tested. Better performnce was obtai ned using a
cationi c wakYGSY aVhdsi{ PAM in 5 conbination with the OCTASOL conpared to
usi ng an ani oni IS('-i onic PAM Adding the OCTASOL prior to the PAM
proved to be yuch snLe i he t hod and apparatus of the present

i nvention provide exctecidleotefh%hégaﬁﬁrgg%apgr%?gFom?"esfnéhti on of fines. Resulting
paper and paper boghdamREenAGsaks; . he. met hod of the resent invention
exhi bit excel | ent opaquéness %%%J;ngtg [éé%l%}%?}“?%ﬁr?a%‘ﬁlﬁsst?ﬁ%ﬁpe bperties. 10 It
w il be AhERtrodi®: S Sl | 0: 4t rt. that various dj fications and
vari at i o%glB can be 1&%5@ to th@rg%tt)do }drPgﬁ?r%alng?? % lérg%ﬁ?atfirgoﬁ\? ntion w t hout

depar &5i NGaif b A6mSRIdalakathic g?\l?ﬂg'ea Raichlk og%ﬁ:gr%p L ) an%ﬁ%;h%BBWThus , 1t1s

i nt.ended that” the presént inv I'oh cover 5 and

vari at i o)gdePfatibhlk SondMbE Y QR Wk i cope of the appended clains and
their equivalents WO T Ve TR EVR SR Aoty

forming the treated pulp into paper or paperboard.

' _:;;\ 2. The method of claim 1, wherein said fibrous cationic colloidal alumina
microparticles comprise a fibrous cationic acetate salt of boehmite alumina having a zeta
10 potential of greater than about 25 and a weight ratio of aluminum to acetate of less than about
4.
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.



-39 WHAT IS CLAIMED I'S: 1. A nethod of making paper or paperboard
conprising: introducing fibrous cationic colloidal {ahuy@napl croparticles
to a payefuiski’ng pul p and introducing at |east one pefNRBlHHY 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 conbinationg,thereof; and formng the treated pulp
i nto paper or paperboard. 2. The ma?hod of claim 1, wherein said fibrous
cationic col lgoi d S. C r.se a fibrous cationic
acetate salt of gg%cﬁﬁrmggladﬂl ﬁgl%&g{/s%{g%at%mfg@g&risd’mﬁe&f@‘rqtc?lﬁ?“sfﬁ gr eat er

t han aboalatidfic pét dﬁ?la\‘lﬁdeght ratio of alumnumto acetate of |ess than about
4. 3. The netho claim 1, wherein said fibrous cationic coll oidal

al umi na_m CooParChafo GThSE hefl LM phrold BIOHS JESLALE SA L Of

boehm te al um na . The net ai m ”BP‘E?US cationic
col | oi dahicrpsHitiBAare Aacdth SAi@RAEL|RinE am about 0. 5% wei ght to
about 30% by wei gkrﬁ Aei2 ! %% ‘%Ia i u}ﬁgé& metrf)%’lc'r??ia' R’/ﬂar‘@? aid fibrous
cati oni cpugpl | oi dal al um na m croparticles are added to sai d pulp in an
anount of at |east about 0.05 pound on a dry basis, per ton of pulp based

on the driedjgol i8s NahQANr Qfimt 1h‘9thB}é§rPSalcPijrws cat18 %@Pﬁa&guai.m 1, wherein

said fibrous cationic colloidal "alum na m Cr dHE added to

sai d pulficioParBlesHAB s & bR u 5 0 ounds on a
~dry basis, per ton of p&me Ease 90[4&%%%%&8 e'ﬁg(s]ﬁpu the pulp. 7.
“The net hgp,d;_ of claiml1, V\/nerel n said cationic polyner i s present and
‘conprises a synthetic nitrogen-containi ng cati oni ¢ polymer. WO 01/88267 1

2 NOV 2004 PGr/ Uged/ c of cI |m1 wher ei n sald
cationic pol yner %%&égg%tla@% ﬁg‘glﬁp%m mg cor%é’f’f’% ?SH%F%E’PVI ani de.
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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.

R 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



m croparticles are added to said papermaking pulp prior to introducing said
polymer to said 5 pulp. 10. The nethod of claim 15) vNONe 28D4sai d fi brous
cat i oni WOMBF%Y dal alumina mcroparticles and sai d petiyosioease | ntroduced
to said papermaki ng pul p at about the sanme tinme. 11. The method of claim
1, further conprising conbining at |east one cationic .10 starch with said
papermaki ng pulp prior to introducifig said fibrous cationic coll oidal
alumina mcroparticles to said pulp. 12. The method of claim1l, wherein

sai d pul pm&@lﬁﬂﬁdlé‘s@csthas@wyfofﬁé%erﬂﬁhﬁ Full?as et Jﬁ%&%oﬁ%&h@'o%a wherein said

polymer is a synthetic, water-solu cationi c pol i’ Ai ng
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1, further conprising adding at |east one céllulytic enzy o said pulp.

15. The et gutcorabated @ilgTedd a dd#rct: IR FormRIZIRd ﬁﬂmtoaa%bé?gr JPS’%r 3 hane

cellulytic enzynme to said pulp before introducing ous cationic

col | oi dalireatinairivita sdid BrORittdnklcSiBidal MnSfH i clBHArﬁcl %:Qd S![ or
paper board nmade according to the method o# cl alﬁ1 ??ﬂéﬂaﬂggéFnaklng

appar &t upolymapwhedingidreBatRp kysteff polyldf 94 SatB AL F&?ﬂné‘r aﬁﬁhﬂof?log UM na
mcroparticles, a supply of a paperneking pulp; a devi ce r Teedlng

fibrous eatmphotetic plgthtr@hababatdhid BodaRiond, 6F QRMiatiGls &Sr efof om the supply of
fibrous cationic colloidal alumna a WO 01/ 88267 1 Nov 2004

PCTI US0110795IB. - 4 The 4pbatt0Ftaint | 2 Shdréin §0EdSPRE %Pﬁm @9@%{ pul p, a
supply of a retention systen1po|yner a device I ng re ention

" syst em pal blerr cHetrom tdinmtidy waf, Lat & B? Oft §e¥a§Jdeﬁ]uP°=l Y buh® it hE pul p or
‘treated pul p, and a device for formng e pu a pa er or paper board

after trceshimationtwkiihs slegh Jhbd@,fa%ul%erplﬁfcbr%h&c&% Wath 984 £R LML N84 o
m croparticles and said retention system5 po yner, mﬁ sald retention

Syst ém pakadiex inicSmauiddtioR Witk sfPiYRR! ., @ noni oni c polyner, or an anphoteric
pol ymer under cationic conditions, or conbinations thereof

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
: B 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



18. The apparatus of claim 17, wherein said device for formng the pulp
conprises a blend chest in communication with said$%QpNOY W4treated pulp,
a fan pwaniiggee7 comruni cation with the bl end chest, a 5&/6?&/@5&1

conmuni cation with said fan punp, and a 10 head box I n conmuriication with
said screen. 19. The apparatus of claim 18, wherein a supply tank is

provi ded for holding a supply of the pulp, and the communication between
said supply tank and said bl end che® includes a refini ng apparatus for

refining the pulp before entering the blend chest. "20. The apparatus of
claim 18,”“??%@??3{%cg‘bciﬁtﬁ?’?’é’??fﬁ“‘ﬁ“aﬂ%lst@“i%t er silo, “15 wherein said white
water silo ha§3 an_inlet in comunication with said blend chest, an inlet
in conmuni cat Fon Virt RERSHST PAPFRERAGTSE Slaimedte whereis eif Sbropscatignioentioiat i on wi t h
said fan punp. 2Ll The apparatys of .claim 20, further conprising one or
more refifer s PEPPFRETS P E“SGFF? rOBAAponT AcHte st of Brshmifg alumima parizga n sai d head
box. 20 Zzgt.a éelgapefr of tFarEa? board made from a drai ned paperweb, said

paper web = ¢BISH I sT 5" PHERRCE T A oveigh retio of dumnivgm sacstatehises thinng

cel | ulsosiagmfi bers, fibrous cationic colloidal alumna mcroparticles, and
at | east one retention system polyner, said retention system polyner
conprising a cationic polyner, a nonionic polyner, or an anphoteric polyner
WO 01/88267 1 2 NOV 2004 PCT/ CISO 1/07951 -42- under cationic conditions,
or conbi nati ons thereof 23. The paper or paperboard of claim 22, wherein
said fibrous cationic colloidal alumna mcroparticles conprise a fibrous
“scationic acetate salt of boehmte alum na having a zeta potential of
“greater than about 25 and a weight ratio of alumnumto acetate of |ess
than 5 about 4.





