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PAPER MAKING PROCESSES USING ENZYME
AND POLYMER COMBINATIONS
BACKGROUND OF THE INVENTION
5 The present invention relates to paper making processes and products made from these

processes. More particularly, the present invention relates to treating paper making pulp with a
cellulytic enzyme and one or more polymers.
Particular paper making processes using an enzymatic treatment of paper making pulp
are described in, for example, U.S. Patent Nos. 4,923,565 to Fuentes et-al;, 5,110,412 to
10 Fuentes et al., 5,169,497 to Sarkar et al., and 5,308,449 to Fuentes et al., each of which is
incorporated herein in its entirety by reference. According to these processes, a paper making
pulp is contacted with an enzyrhe composition for a substantial period of time before the pulp
is worked on a conventional paper making machine. According to these processés, the pulp
must remain in contact with the eﬁzyme composition for at least 20 minutes before the pulp
15  can be treated with a conventional synthetic polymeric composition. The contact time allows
the enzyme an adequate reaction period prior to addition of the synthetic polymer.
Accordingly, the process requires a separate addition of the synthetic polymer downstream
from where the enzyme first contacts the pulp, which is time consuming and complicated.
There is a need for a paper making process that is simplified and/or avoids the lengthy

20  contact times.

SUMMARY OF THE INVENTION

The present invention provides a method of making paper or paperboard that includes
introducing at least one cellulytic enzyme composition and at least one cationic polymer

25  composition to a paper making pulp at about the same time, to form a treated pulp. The



and at | east one cationic polyner conposition are introduced to a paper
maki ng pul p at about the sane tinme to forma treated pulp. The pul p may

al so be treated with at |east one cationic starch. The resulting pulp is
formed into a sheet of pulp. O her paper naking processes are al so

descri bed. A paper making apparatus is al so described for c%rl\x%ogut t he
nmet hods. Paper and paperboard nade according to the nethods are also
descri bed. WD 01/36740 PCT/ US0O0/ 42119 13 May 2004 -1 PAPER MAKI NG PROCESSES
USI NG ENZYME AND POLYMER COMBI NATI ONS BACKGROUND OF THE | NVENTI ON 5 The
present invention relates to paper meking processes and products rmade from
these processes. More particularly, thé present invention relates to
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055, BosramBiampestiog pidisgomer ?ﬂpfaf'ﬁtcz‘mPﬁa&%mrﬂtféwtpégpa&tdwthﬂswteg 497 to
Sar kar et. al and 308, 449 to tes . ach o ich is

i ncor por LS BieteomBed o fies "élﬂ‘idr FEt yu By"arye&r'@r E%@&ﬁcfﬁttcefs‘; atwfﬁ@t 15t MWEse
processes, maki ng I's contacted wiith an enz osition for
a substanﬂ%?‘cﬁgW%@SmP‘tﬂg PHlari3, then o ut‘ﬁa?hgﬂ\ﬁgwl@dp%ﬁméiycﬁ%mi onal -
paper making nachlne cording to these rogesses, pulp remai n

i n cont actMRiPYed n’i‘g/ BIOPSTHT 90 “PE%F"“E rﬁcﬁtﬂ’t"%’%ngé‘!"ore t he

pul p 15 can, be tr ated with a conventional nt het geric conpoesition.
The cont aﬂ‘?‘“ﬁ‘rr@“‘g ‘;Qﬁ'\'}\% “‘Ph@’s‘ﬂt‘&gyﬁﬂ’c‘érf" B@ﬁ%ﬁ"’t’é H@%’?'ﬁ)(ﬁ’f};ﬁgﬂ el or to
addition of the ' ynt ti,c _polyper. Accordingly, the process requires a
separ at e SRFIPFFEHINOP YSAhPRRTYS: pol yner downstream from where the _
enzynme first cont acts the ulp, whichis ti consum ng and conpl i cat ed.
There is a neckherRifsenf Py #Fﬁ'ﬁff&‘ﬁrtﬁéé?g“’gﬁg aking pAPRRATPEReERd Mt or  avoi ds
the lengthy 20 contact times: M\@RY OF, THE’F"l NVENTI ON The present

i nvent i oninpidesteradngpylp inroklendehest kith 8. cpriopicPobmepeastPPBERR d R PassIE | Ldes

the treated pulp to a machine chest wherein an enzyme composition is added to the treated
pulp. The cnzyme-treatéd_ pulp is then refined and passed to a stuff box. From the stuff box,
the pulp is then passed through a white water silo where a second cationic polymer

composition is added to the putp_and then the pulp is formed into paper or paperboard.

The present invention also provides a paper making apparatus comprising a
supply of an enzyme composition, a supply of a cationic polymer composition, a supply
of a paper making pulp, a device for feeding an enzyme corrtposition from the supply of
enzyme composition and cationic polymer to the supply of paper making puip at about
the same time fo form a supply of treated pulp, and a device for forming the treated pulp
into a treated paper or paperboard.

The present invention further provides a method of making paper or paperboard
comprising introducing a cationic polymer composition to a pulp to form treated pulp,
introducing at least one cellulytic enzyme composition to said treated pulp to forman
enzyme-treated pulp; adding a nitrogen-containing cationic polymer composition to the

enzyme-treated pulp; and forming the pulp into paper or paperboard.



introducing at | east one cellulytic enzyne conposition and at | east one
cationic polynmer 25 conposition to a paper nmaking pul p at about the sane
time, to forma treated pulp. The 13 May 2004 -2 enzyme conposition and
pol ymer conposition can be added to the pul p separately, or they can be
pre-conbi ned and then added. The pulp may al so be further tﬁgﬁﬁ%?&dﬁ4th at
| east one cationic starch. The resulting pulp is then fornmed Into a sheet
of pulp, preferably having inproved drainage and/or retention properties
conpared to conventional treatnments. After drainage and drying, the
resul ti ng paper or paperboard preferably exhibits excellent opaqueness and
ot her physical properties. The present -2amvention further relates to a

nmet hod of maki ng paper or paperboard that includes treating pulp in a

bl end chest with a, cationic polynmer conposition and then passing the
treated pulp to a machi ne chest wherein an enzynme conposition is added to

the treated p . -treated, pulp.is then refined and passed to a
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pul p; and formng the pul p into paper or paperboard 13 May 2004

BRIEF DESCRIPTION QF THE DRAWINGS
Figure 1 is a flow cha_rt showing a paper making process according-to an embodiment

. of the present invention.



-2a The present invention also provides a paper making system for carrying
out the above described nethods, and paper and paperboard nade according to

t he net ho lt.]s to be understood that both the foregoj r.al
Yo alderdo b ShuSHARIS

descripti he follow ng detailed description are exenplary” and

expl anatory only and are only intended to provide a further ,gxp| yi on of
the present invention, as clainmed. The acconpanyi ng. draw ngs, ich are

i ncorporated in and constitute 'a pa}T of this application, illustrate
several enbodi meni.s of . th resent invention and together_mﬁth
description, serV38¥d ¥ g?‘ﬁ “g%?]ﬁl”‘i"}gc? FRRES "b"??"ﬁ HEOCESS rASEEHRE 1 9RAEF on.

| RRYFI R DF- 19CHI )\ U -EMS Figure 1 is a flow chart show ng a paper naking
process accofd '%OQW”@WQBHW ¥ of the present invention. WD 01/35740

PCT/ US00/ 42119 13 _.May .2004 . 3 igure 2 is a flow chart show n aper
maki ng process ag%ﬁlf%isn’ﬁ %8"‘5}?8?{@ Wingf BATFARINE (PR 45PRURR fo g?@?ﬁt i on.
Figure 3 is a P%@muggﬁﬁtrgngkg . @ paper maki ng process according to

anot her  enbSPTERT™ B "tHE“HICEERY i nvention. 5 DETAI LED DESCRI PTI ON OF THE
PRESENT | NVENTI ON The present invention provides nethods of making paper or

paperboard. In one nethod, at |east one cellulytic enzynme conposition and
at | east OneEﬁﬁﬁéﬂggﬁgﬁﬁﬁﬁ Lk 'N { duced to a paper making
pul p at abou . SttTon and pol yner

conposi tion can ] - e o hey. b

pre-conbi ned and egﬁggﬁdéﬁw&$hgeﬁé§u %ﬁ%%q%ﬁf%m¥§&Tﬁéﬁ a@%ﬁ?ﬂﬁﬂ%fﬁea paper
or paperboard. C ' e | ng j,00, LONL& h can
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the cationic, B ak GRRAGEH kPR pgﬁ}g nfaliny 'Milp at about the same time. The enzyme

10 composition and polymer composition can be added to the pulp separately, or they can be
pre-combined and then added. The resulting puip is then formed into a paper or paperboard,
According to the present invention, a cationic stgrch can also be added to the pulp or treated
pulp either at about the same time as the cationic polymer composition and enzyme
composition are added, or at a later time. The cationic starch can be the same as or different

15 from the cationic polymer added earlier. Paper and paperboard preducts made according to the
method preferably exhibit excellent opaqueness and/or other physical properties. Sheets of
pulp from which the paper and paperboard products are made preferably exhibit excellent
drainage and/or excellent retention of pulp fines.

The method of the present invention can be practiced on conventional paper making

20 machines with modifications that can be easily made in view of the present invention. The
method can employ many diff.erent types of paper making pulp or combinations thereof, For
example, the pulp may comprise virgin and/or recycled pulp, such as virgin sulfite pulp, broke

pulp, a hardwood kraft pulp, a softwood kraft pulp, mixtures of such pulps, and the like.



conposition are added, or at a later tinme. The cationic starch can be the
sane as or different 15 fromthe cationic polynmer added earlier. Paper and
paperboardw8r99H3§s made according to the nethod preferg@bﬁmﬁﬁ plt
excel | ent opaqueness and/or ot her physical properties s o pulp from
whi ch the paper and paperboard products are nmade preferably gy
excel l ent drainage and/or excellent retention of pulp fines. The nethod of
the present invention can be practiC%d on conventional paper making 20
machi nes with nodjfi.cati t hat can be easi made .in view of the. present
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preferably aPI gdded within 2 mnutes 5 or mﬁthln 1 mnute of each other
and nost pre ePa ly are added essentially sinultaneously to the pulp.
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the enzyne COITpOSI t1on catroni c po ositio prior to
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before the bl end chest. e erizynme conposition use tre tlng e pulp
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cellulytic activity. O her conponents can present as ong t hese

other compongplisy sHeeONhitEH Blnkfy Woaith berGle thebfendBlebet YUi € activity of the

The enzyme composition used for treating the pulp may contain any conventional

paper making pulp-treating enzyme that has cellulytic activity. Other components can be

15  present as long as these other componen;rs do not negatively affect the cellulytic activity of the
enzyme composition. Preferably, the enzyme composition also exhibits hemicelluiytic activity.
Suitable enzymes and enzyme-containing compositions include those described in U.S. Patent

No. 5,356,800 t§ Jaquess, U.S. Patent Application No. 09/031,830 filed February 27, 1998,

and International Publication No. WO 99/43780, all incorporated herein in their entireties by

20 | reference. Other exemplary paper making pulp-treating enzymes are BUZYME™ 2523 and
BUZYME™ 2524, both available from Buckman Laboratories International, Inc., Memphis,
Tennessee. The cellulytic enzyme composition preferably contains from about 5% to about

20% by weight enzyme. The preferred enzyme composition can further contain polyethylene

glycol, hexylene glycol, polyvinylpyrrolidone, tetrahydrofuryl alcohol, glycerine, water, and



enzyme conposition. Preferably, the enzyme conposition also exhibits
hem cel lulytic activity. Suitable enzynes and enzyne-cont ai ni ng
conposi ti i de those described in U S. Patent No. to
Jaquess, 3&§Phﬁﬁ%§nt Application No. 09/031,830 filed Feggagggmg , 1998,
and International Publication No. WD 99/43780, all incorporakgghygjgin in
their entireties by 20 reference. O her exenplary paper naking
pul p-treating enzynes are BUZYME(tm™2523 and BUZYME(tn) 2524, both
avai | abl e from Buckman Laboratories. Internatiqnal, Ing., . hi s
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5, 356, 800. The enzyne naf ded to the pulp in an anmount of from about

pul p. {0 “exanpl o 1 HaiasHEb ARG GRAY PR-ApRThig sbainfe Yool e
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the present i ?%ﬂﬂﬂ;wlﬁ@ﬁsﬁWe_ﬁed%Q%%iéénﬁ%%b??ef@rM.Ude a conbination of

two or nore different enzynes. e enzyme co itron can include, for

exanpl e, @ conmbi NatdoRAhaOko and ipRASE '%bg‘.“?’. Chd |édmp%ecor@9ﬁ@-gtcim?niﬂ+lb&é gan

include a stabilizing Tagent. The s zI ng agent a polyam de

i : T D A Jded t
ol i goner as dgsgihdidRdrAed & A Mr&fﬁﬁg?:ﬂﬁsg TROLSIRE c%ﬁ%gigﬁdt EdnOfenddggd to

the pul p at about the sane tine as enzyfre ¢ ron, 1s added in

an amount ef toeipid/8 cbRbiRsRh %raln{oage bl EiB1aden SndipBbda &ﬂ&m&%ﬁ%@%ﬁé& of the

pul p conpared to no cationic polyner being present. 1n genera
cationiC . gapent. The stabilizing agent may be a polyamide oligomer as described herein.

The cationic polymer composition, addcdl to the pulp at about th’e same time as the
15  enzyme composition, is added in an amount effective to preferably improve the drainage or
retention of the pulp compared to no cationic polymer being present. In general, the cationic
polymer is added in an amount of at least about 0.5 pound cationic polymer per ton of
paperstock, based on dried solids of the pulp, and preferably in an amount of at least about 1
pound per ton of paperstock. Preferably, the cationic polymer is added in an amount of from
20  about 2 pounds per ton of paperstock to about 6 pounds per ton of paperstock, based on dried
solids. The cationic polymer may preferably be added in an amount of from about 0.0001% to

about 0.0100% by weight based on the dried solids weight of the pulp.
Any cationic polymer or mixture thereof may be used and preferably conventional

cationic polymers commonly associated with paper making can be used in the cationic



polymer is added in an amount of at |east about 0.5 pound cationic pol yner
per ton of paperstock, based on dried solids of the pulp, and preferably
in an anou | east about | pound per ton of paper ferably,
t he catlon?g)péFyner is added in an anount of from 20 ab?ﬁ?ﬁgm%guﬁhs per
ton of paperstock to about 6 pounds per ton of paperstock, bg%ﬁquM4drled
solids. The cationic polyner may preferably be added in an anount of from
about 0.0001 @6to about 0.0100% by ﬁklght based on the dried SO|IdS wei ght
of the pulp. catlonhmlgpmx or. mi xt,ure
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neutral.ized or quaternized form ary ationi nonb
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conononers t exa

1-trinmethyl awaﬁlmt&pctmamwm.&%ﬂ % _r yl ate net hosul phate. O her

exanpl es of cationic polyners ut are not limted to,

hormopol ynggs of g alddianh r ters of
acrylic acids, and poltye{mmr’lg‘ger ebés'car‘?J I n g*?‘@r?i"”’ﬁ@ 4s @%4 119.
Co- pol yners, ihdide &rY &anple O -tith&iy1 . ,)ﬁlﬁnl ' Sed
Furt her, forlpursgsés of the 6r§@3ﬁf%?E$§%Fﬁ§ﬁﬁQb n1;%m&ﬁ% mﬁ&mﬂﬁgy

cationic pol YR SexiRplesPSr 86 pym&stlhﬁud&abﬁtofﬂé ot Rk, h&n&)oﬁfﬂﬁe}so&l ¢

pol yacryl am de, nonionic acrylanide units are
diallylamine monomers, homopolymers of aminoalkylesters of acrylic acids, and polyamines,

as described in U.S. Patent No. 4,894,119, Co-polymers, ter-polymers or high forms of
15 polymers may also be used. Further, for purposes of the present invention, a mixture of two or
more cationic polymers may be used,
When the cationic polymer is a cationic polyacrylamide, nonionic acrylamide units are
preferably present in the copolymer, and preferably present in an amount of at least about 30
mol% and generally in an amount of no greater than 95 mol%. At least about 5 mol%, and
20 génerally no greater than about 70 mol%, of the polymer is preferably formed from a cationic
COMONOMeY.
The weight average molecular weight of the cationic polymer is preferably over 1,000,
for example, from about 10,000 to about 15,000,000, or from about 100,000 to about

10,000,000.



preferably present in the copolynmer, and preferably present in an anount of
at Ieast about 30 nol % and generally in an anmount of no greater than 95
mol % "ﬁ ut 5 nol % and 20 general ly no greaterp&Rashoaabqyt 70

nmol % of t he polyrrer is preferably formed froma cationic conononer. The
wei ght average nol ecul ar wei ght of the cationic polyner is @gﬁas,r@lghy over
1,000, for exanple, from about 10,000 to about 15, 000, 000, rom about
100, 000 to about 10, 000, 000. WO 01756740 PCTI USOQ 42119 13 May 2004 -7- In
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then be proc ﬂéw’ et t SN entional paper nmaki ng machi ne and techni ques.
The treated g ﬁay dl tionally treated with one or nore conponents,

i ncl udi ngsot her p,@&at%aﬁ, StHf,C R é@m%@h@ wilf'th ;bg@.a Oeuﬁﬁ)agf%ry@ﬁf&mﬁé ays,

other fillers, dyes, plg justing sa agents

such as alu oi?‘ﬁ&l %%ftloﬁgt('}%&gme%ﬁén &%EesMMe@ ulgﬁagfﬁt%ﬁbé}ﬁnect%%gdd“ ves.

One particu preferr t ve use accord e s of

the present pnvepdnv@iohad papermsng%&hak%ehmhmaesonme %a%%agp%g% fe added

to the pulp or treated pulp of e present 1nvention to arch

treated pul paadRloRdIf treaRY Wi o GithredonBfenf! inbIRNiS: Gk BbiSmers Ol o Bfodid oW of
paper 15 making pul p through the paper maki ng apparatus or system of the

present i nvepld BfionkHolynidit 45 StheFMilerDiyeE, phtdhtS, faefaaﬂerp%meiq&ea{ Eugusan ul p at

about the sane tine that the enzyne an cationic polyner are to the

pul p. Theo CalideRistehSksPLIGh, &RANotRY tcSN@ﬁﬂohMeda}derQﬁakﬂféddrtﬁr&@ﬁln Yadifives2BfEd 1O
the treated pulp after t he pulp is first treated wth both the enzyne and

cationic particularly preferred additive for use according to the methods of the present invention is a

cationic starch.

Cationic starch may be added to the pulp or treated pulp of the present invention to
form a starch treated pulp. Starch may be added at one or more points along the flow of paper
15  making pulp through.the paper making apparatus or system of the present invention. For
instance, cati'onic starch can be added to a pulp at about the same time that the enzyme and
cationic polymer are added to the pulp. The cationic starch can altematively or additionally be
added to thg treated pulp after the pulp is first treated with both the enzyme and cationic
-_polymer. Preferred cationic starches include, but are not limited to, potato starches, comn

20  starches, and othcr. wet-end starches, or combinations thereof.
Conventional amounts of starch can be added to the pulp. An exemplary amount of
s_tarch that can be used according to the present invention is from about 5 to about 25 pounds

per ton based on the dried solids weight of the pulp.



polynmer. Preferred cationic starches include, but are not |limted to,
potato starches, corn 20 starches, and other wet-end starches, or

conmbi nati ons thereof. Conventional anobunts of starch can be added to the
pul p. An eX¥M474) anount of starch that can be used accBHrHV$§43d’ t he
present invention is fromabout 5 to about 25 pounds per tc@W on the
dried solids weight of the pulp. WO 01/36740 PCT/ US00/ 42119 y 3004 - 8-
In addition to or in place of the st#ch, a mcroparticle additive my be
added to the pulp_at any tine during the process. The mcroparticle

addi tive can nodi ff/2ddiien sherr g elags oﬂtﬁ@stargmhpni@—pparth@ agtlisivapsayole aldaionenent of
the pul p. The mcroparticle additive can be, for exanple, a charging or
nodi fyi ng ageip atany fipe dring gheqmecgss Hheimigropagéct additivgivan modify the ehrrgecaf thei . The
5 mcroparticle additive can be a natural_ or synthetic hectorite,
bentonite, zectRArdie chrgnRfdgompanentgfthe pylp The micsipomrinle pdsitive candhet foraxample
additives as are known tg those skilled in the art. A biocide nmay be added
to the pul p ot chergng eomplifvmeiagentct §Heran ceapiating aaspty enfar onestentionsaid. e

bi oci des i n paper ki ng. processes. For exanple, a biocide may be added to
the treat®d f%’i" ' e%dr‘]g‘r’g?f’ﬂ & A adyralgy ssthetihectarite.pepanite zeeliie. mluminaseh, oti t h t he
enzynme and catiopic 10 pol yner. Biocides useful in the paper naking pul ps
accordi ng t o FREPpEaLgmel RatigWale pdditives s pg downp depeikidledyaithe akinown t o t hose
skilled in the art, .for exanple, BUSAN(t 1130, available from Buckman
Laboratories Int e?‘rPé‘Eci“%d’éﬂy ,b“’laﬁ‘g“fi,to 1€ RRRiOS trezied Hlpgia aesordance iy cemvartiondlf a

paper making system for . carryi out the nethod of the present invention
is set forth Ws?v? G oiqses in paP?'y'Pg‘%igop’B"éssﬁ%gé’i eEppls 2 Bigeide may &y sddsthie hewn i s

Fost i ot t he eRBheslo s RERT Hast ot P Toh s yttedvit Dicgame 506 caiogiappl y of
ol ¢ ancle P VS BRAEH R U et PRI PR R PAtTRURSHUM IRt | owi ng
show o e P ARl ol i B il S R dnR e
condui t, hol di* ‘&‘?a”&?b°m¥?{f°ﬁ§’¥ﬁ%§?ﬂ§‘iaﬁﬁﬂ°w Meﬁ'g ’S’J§W%§F?1er, passageway,

A flow chart of a paper making system for carrying out the method of the present

invention is set forth in Figure 1. It is to be understood that the system shown is exemplary of
15  the present invention and is in no way il;ltended to restrict the scope of the invention. In the
system of Figure 1, a supply of enzyme composition and a supply of cationic polymer
composition are simultaneously combined at desired respective concentrations with a flowing
stream of paper m%king pulp to form a treated pulp. The supply of pulp shown represents a
flow of pulp, as for example, supplied from a pulp holding tank or silo. The supply of pulp
20 | shown in Figure 1 can be a conduit, holding, or mixing tank, or other container, passageway,
or mixing zone for the flow of pulp. The supply of enzyme composition can be, for example, a
holding tank having an outlet in communication with an inlet of a treated pulp tank. The
supply of cationic polymer composition can be, for example, a holding tank having an outlet in

communication with an inlet of the treated pulp tank.



or mxing zone for the flow of pulp. The supply of enzyme conposition can
be, for exanple, a holding tank having an outlet in conmunication with an
inlet of ayblgdémgl pul p tank. The supply of cationic polpyREedgfROSI tion
can be, for exanple, a holding tank having an outlet in comunication with
an inlet of the'treated pulp tank. WD 01/36740 PCT/US00/ 421193 Jday 2004
-9- The pulp treated with the enzyne_conposition and cationic polyner

conposition is passed fromthe treatéd pulp tank through a refiner and then

th h bl end ! i | addi t.i. i ncl udi bi oci.de.
Conbi ned i t bt ho T Rl 85 piBPhl B08e BT S Bfont biihef comBRiiscar  on
ith tl k d t] et i i ti 5
W ih an pi oo ARt RGPl 0, S8 o et A HERT R "L 0 1
th lp t i : : i . t .of .t he blend
c hgslto ut IEI)I‘ ofjgﬁ‘}”g&é‘ g%ﬁ?sclg‘%lﬁg% %%3&3&5 alke?ﬁog’t% ﬁ'%f‘ggh Irlr1rﬁc E;ften 20 “ﬁiéﬁ%ﬁ%ﬁ has aﬁl engn

chest and miqm-laﬂﬁ c&ﬂﬁ ficafiH WikGin %Ltle@gfythé:@éaeég lan& L po%Héé\ Engcvc\)ﬁr}}n%_llxg{c%t?)gas € a

skilled in the art. he machi ne chest ensupgé%gel ev

constant pJessH A il offeuitifalsed pul p or 10 stock throughout the
downstream portion of the system particularly at the head box. In the

system of Figure Al 4 r : | i headbox
is recirculated %gcoﬁ?ggltg I teggﬁ?@?éﬁl%éjglﬂﬁ p?ﬁﬁ%‘%%ﬁpg}ééﬁ@%ﬂgﬁ Fi gure
2, a cationi r i 1 : I | end
chest, and tﬁ%ﬁﬁsﬁgﬁo?ﬁgﬁg@gg Esgmg%%/gé%n?ng\ﬁg?ﬁ@? ﬁ?’fﬂﬁa@ "%3@%'? %hgsg'a ©

cationic 15 ihLdl A8 YralfinAHER thnde of B ShWdonARnednbP oD HinddFRlet €0 1 1

Figure 2. The systemof Figure 2 has a“secon ner between e machi ne

chest and t hgySthifhachifX chePehiGiles 2RILi M Hat i%,?cbh%%ﬁ'ﬂgﬁs@yom I&l?\%ﬁ}g}éy gaents

such as alum nmay al so be added at the stu adj ust nts can

be added At QloBemhrolpont the AwAGEath Bortib G theRlstdit! bRiQliark AR 1fe9d pidl p through the

apparatus. The apparatus .of the present invention Can also I nclude

met ering devi ces jnGhe EEHY bfFipde 1, 2hirkd pHib rAMkiSs RN bERL HhaliddR uRf to
the flow of pulp, forﬁexarrpllgl?efrorh agogt O.lg%l tg&gbout gq0. 16‘5£’g§ér/l{g§nt by
wei ght  enzyngecirbag&do e whidewaérisgsl sol i ds wei ght of the pul p. The apparatus

In the embodiment shown in Figure 2, a cationic starch is added to the refined treated .
pulp at the blend chest, and the system includes a conventional stuff box. Additional cationic
15 starch may be added at the stuff box although not depicted in Figure 2. The system of Figure 2
has a second refiner between the machine chest and the stuff box. Other additives, including
pH adjustment agents such as alum, may also be added at the stuff box. pH adjusting agents
can be added at other points along the flow of pulp or treated pulp through the apparatus.
The apparatus of the present invention can also include metering devices for providing
20 asuitable concentration of enzyme to the flow of pulp, for example, from about 0.001 to about
0.100 percent by weight enzyme, based on the dried solids weight of the pulp. The apparatus
can include a metering device for providing a suitable amount of the cationic polymer to the
flow of pulp, for example, from about 0.0001 to about 1.000 percent by weight cationic

- polymer, based on the dried solids weight of the pulp. Other metering or dosing devices are



can include a netering device for providing a suitable anobunt of the
cationic polyner to the flow of pulp, for exanple, from about 0.0001 to
about 1.0 t by weight cationic polynmer, based opchigoizigd solids
wei ght onQ @%%ﬁﬁg. O her netering or dosing devices are Wc) 01}36740

PCT/ US00/ 42119 13 May 2004 -10- preferably provided for theigtpgrogpdditives
and ingredients that may be used duri1 g the nethod. Another enbodi nent of
the present invention is depicted inFigure 3. Pulp is treated in a blend
chest with a i_Qni Y o i.tion ch as ni t rogen- cont ai ni ng
cationic 5 p‘%%ﬁe? pg?"%;ed _cfgr?l{hg I’(ljlﬁl (r:gp g‘fdétfvgi'n ?nﬁ'ﬁl% e?l?ngsafhgtdmﬁh Iti’f)%feg L&Y from
t he bl end cheﬁ&h&f a machi ne chest wherein an enzynme conposition is added
to the treated pulp to forman enzyne-treated pulp. The enzyne-treated
pul p is then refi : . E@@ ' | .cationic

po: ynmer conpositi gﬁg$h§3§h18?§%3§ﬁf@19%%6%41&{:@10?2%@ u %% %&é”g%@i‘) asn%la{eig‘t :c oni ;:
pol yner conp ; . . i ent irs
cationic pol yér)nﬁafrg llic{c‘g{r%rs)to‘g'l t?gﬁ, migg %@g’gﬁwgmtﬁﬂ’g&ﬁﬁﬁsp (51'[ Ogﬁe&'g?%ngrlg egct .

Al ter nat i vel Yoo it 38 hioRid Qarch 2HicQRkEG BAb W ksed T 0 at_the
stuff box. Frpc?r#%ﬁe stut%ogl bogf, 'aﬁ?e pg?g #s seen Blgggcg@e dOChg&\?\i?&g&ﬁ%et er
silo where &k Lhedfiah SRAmeehREiiGk ARk b ROILER pubWRAR ah bub Setided to
the pulp. The pulp is thén pas@g’dl through a fan ﬂﬁp to a gc egﬁreag%d

subsequently g, ﬁh@&%&@e&lw g&]ﬁfis@{eﬁiéri:iﬁéh ahli Pgsked :Jmtso:x%exferoﬁﬂﬂanm idTaki ng

in the head box is recirculated to the white-water silo. 15 According to

the enbodi menfofer {BMpENRR CB L ophiHABY Lad@d BN MO ) THe Idhibnad: calidl® Rbllh@9en-

b bi .
cont al ni ng cationi c p0| ynmer comnposi tion can be, for i1'nst ance, a C tionic

pol ymer cont aopiyhtionai6 li36h, by BE thld Ynteor 8ifreHithdntheQfrst RatoRk bﬂgé:ﬁ BRPAIRE aThe

first cationic polyner conposition added, on the other can

ni trogen- gonthdu 1 g’lchbgiprrﬁxE blefd &ﬁ%t.i ARnfativdy2 kS MditBhal 2B l%Blymgr‘gE gda@& &

pol ymer. The optional cationic polyner conposition can alsod

ni trogen- contgd Eﬁ'@]?gt A0 s L Blrom el BRI fhe DB iCen PhsseBOh Bidlite Gakl QR C
polymer. The first cationic polynmer conposition, the nitrogen-containing

cationi ¢ pol WiRfe £MFBERA cbiitflng &ibhié PélyRR cbRPRttiof Rlad@it theQitpY TRE pulp is
conposition can be the sane or different. According to a preferred

enbodi ment  Ofthen passed through a fan pump to a screen and subsequently to a head box. The drained stock

resuiting from sheet making in the head box is recirculated to the white-water silo.

15 According to the embodiment of the present invention shown in Figure 3, the nitrogen-
containing cationic polymer composition can be, for instance, a cationic polymer containing
acrylamide units and units of a cationic monomer. The first cationic polymer composition
added, on the other hand, can be a nitrogen-containing polymer, a cationic starqh, or another
cationic polymer. The optional cationic polymer composition can also be a nitrogen-containing

20 po.lymer, a cationic starch, or another cationic polymer, The first cationic polymer
composition, the nitrogen-containing cationic polymer composition, and the optional cationic
polymer composition can be the same or different. According to a preferred embodiment of
the present invention shown in Figure 3, at least one of the cationic polymer compositions and

the optional cationic polymer composition comprises a-starch. Further, preferably the nitrogen-



the present invention shown in Figure 3, at |east one of the cationic

pol ymer conpositions and the optional cationic polyner conposition

conpri ses h. Further, preferably the nitrogen 740

PCT/ US00/ 4%’?1"3}3%8“@ 2004 -11- cont ai ni ng cationic pol yr?é:l;’ll/"'%g%b? tion
contains acrylamde units and units of a cationic nonomer. 1Angyepogr, for
exanpl e, a centrifugal force cleaning device, can be disposed betmeen for
i nstance, the fan punp and the screerl- according to any of the enmbodi ments
of 5 Figures 1-3. above. nmet hod, and apparatus_ of the present invention
provi de ext en‘i?@@‘“?"ﬁt“@"r"ﬁ‘écti’ eflcﬂ’ﬁposﬁﬁ'% \‘Rié%ar‘f’st%@mﬁmed’““%ﬁ%%“ ohAckaliqEic oni ¢
polymer. Treated pul p reaching the headbox in the system of the present

i nvention canm?i@mgbrned into a paper or paperboard precursor sheet.
Preferably, the shee exh blts xcelleltaq?rgal nage and/or retention of
fines. Resulting imeén pet GTEHesHaEe P%ildﬁ‘tjfcet a0 e HEorsld of
the present in entlfo axhl b|t excel | ﬁ% aqueness and ot herwghym cal
properties. 1% ﬁ?lorﬁgs%{'ﬁ%al?eefﬁ’?pwat" SOTER F‘fcé ingto gyof theempegimenisef, ous
modi fi cati onsp.and N niations can be made to the enbodi ments of the present
i nvention W tHBUY 'depdTing fromthe spirit or scope of the present

i nvention. Thus, i i nded th t he resent i nventi Qn covers ot her 15
modi fi cations and a'f“f’%#%‘ﬁsa PRfanys ?@ |PFF5°é' {nveion BroYidy ekieR gfdrf@?raﬁt&'?émw thin

t he scope of e ded cl ai and _their u | ent.s 367
PCT/ USOgl 4211b§R”f§“ ﬁ}g @oﬁ'&m%é‘“@r\%&*‘?‘“? §°'8E‘/‘£1 IIE% ‘} %’a} ieach}:('wé\?o h"zﬂ‘é‘éf’&f’" ?}ﬁki ng
paper or papg| {?oar rnlt%{vg P" c.)zn Ben east e cell u %/%l C

enzyne co_npos T on an 'east ofe 5{“1' 0 ﬁocag?)ag?ry{?l}é’Fpe FEFEY
paper making ﬁéfLrleﬁHheasﬁ%%xh‘%b*&? e)?c@ﬁgﬁt érénr{a%e %ﬁ’d/c‘:r?étéﬁ‘u%n ;[)fr fenes. ?{esulting paper and

10 paperboard made according to the method of the present invent%on exhibit excellent
opaqueness and other physical properties,

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 without departing from the spirit or
scope of the present invention. Thns, it is intended that the_present invention covers other

15 modifications and variations of this invention. provided they come within the scope of the

appended claims and their equivalents.



5 pulp; and b) formng the treated pulp into paper or paperboard. 2. The
met hod of claim1, further conprising introducing at |east one first

cationi c shRlthsip the treated pulp. 3. The nethod of cl ?E%o Ahgrein said
cellulytic enzyme conposition contains 10 from about 5 %to a%out 20 % by
wei ght enzyme. 4. The nmethod of claim1, wherein said cell ukytif Bpdyne
conposition is added to said pulp ir] an anount of from about 0."200%to
about 0.001 % by wei ght enzyne based &h the dry weight of the pulp. 5. The

met hod of cl Wd cellulytic enzynme conposition conprises 15
at | east one ter and at | east one cellulytic enzyne. 6. The
met hod of claim1, wheyej id lp . conpri,.ses a sulphite pulp. 7. The

met hod of claim 2,1' V\he'ﬁglle{rﬁoigflsmeaéﬁgagjg%rig?ﬁfbgmsf%x?pélﬁlf'gmhi ch is the sane or
different fromthe firgst, [:.ONJ C .S, Lntroduced.to the treated pulp
before step b). 8. Theaar%tg %%Aé&g%ﬁ%a?tta?{r% %EM ceer"é"lgr?le i ?"ga%tleafitn@‘e
cationic pol yog -ﬁgwgﬂ i . "hﬁg td tioni c polvyner. 9.
The net hod of ¢l aim , é’?"gtlmr?%ggﬁag’@%? }g& a?)%lﬁgﬁtgi gla’g'ﬁﬁ%ck)oo@ﬁnn%gme\é
conposi tian p%gﬁﬂ{di ses a pol yacryl am de pol yner. WO 01/ 36740 PCT/ US00/ 42119
13 May 2004 -13: 10. The nethod of claim11, wherein said at |east one
cationic polynmer conpqgict.i 00 t. I r-sol ubl e cationic pol yner
cont ai ni ng acryl am deqﬁnﬁsgaﬁgmégegﬁﬁ ﬁﬂgi’ép%%oﬁ%%c}%ﬁuni ts. 11. The met hod
of claim1, wherebn CafGRlicaPs JIBS 1] i i_on) [, D
conposition is ad%ed to ggél pul pﬂiﬁnl’aﬂmze%gﬁﬁﬁgﬁg 'Bir"g%gg%égﬁeaﬁ%ﬁofﬁ% by

vei ght to abQufonickiaffQ0mbieaain@pl . based on the dried solids weight of said
pul p. 12. The nethod of clalm 2, wherein said at | east one cationic starch

is added to 3. The method of claim 1, wherein said cellulytic enzyme composition contains

10 from about 5 % to about 20 % by weight enzyme.

4, The method of claim 1, wherein said cellulytic enzyme composition is added to
said pulp in an amount of from about 0.100% to about 0.001% by weight enzyme based on the
dry weight of the pulp.

5. The method of claim 1, wherein said cellulytic enzyme composition comprises

15  at least one polyamide oligomer and at lc;.ast one cetlulytic enzyme.

6. = The method of claim I, wherein s_aid pulp comprises a sulphite pulp.

7. The method of claim 2, wherein a second cationic starch, which is the same or
different from thé first cationic starch, is introduced to the treated pulp before step b).

8. The method of claim 1, wherein said at least one cationic polymer composition

20 | comprises a synthetic cationic polymer.
9. The ﬁethw of claim 1, wherein said at least one cationic polymer composition

comprises a polyacrylamide polymer.



said treated pulp in an anount of fromabout 5 to about 25 pounds per ton
based on the dried solids weight of the pulp. 10 13. The net hod OL.C| aim
1, wherein i C polymer in said cationic polynmer co <hé as a
wei ght average trgrjtl%l{)ecul ar weight of at |east about 10, 000 ana Ssaﬁﬁ 1";'cati oni c
pol ymer conposition is pre-conbined with the enzyne conposi qgmy%fogre t he
pol ymer and enzyne are added together to the pulp. 14. A paper “or

paper board nmade according to the net Add of claiml. 15 15. The net hgd of
claim1, wherein the at, | east e cel lul.yti nzyme conposition and at

| east one cati oni clg‘pol ?%ngogr?gggﬂli’ghcrﬂf{@a“gﬁﬁe«?ﬂ"ﬁf TaH?rfr{‘PIi."’ SRFMMACEEC Y each
other. 16. The nethod of claim 1, .wherein said at |east, one cellulytic
enzyme conpoSit? Ft}'ee{?idw%{?r'ssféggtca%oﬁg E@W%nﬁw‘wﬁmﬁ"ﬂ?nﬂ&iw df'&% added
within 5 m nug e %fic'nxﬁt%h other. 20 17. The nmethod of claim1, wherein said
at | east one ce‘?olmufy‘gl C enzyne conposition and at | east one cati onlhc

pol ymer conpositi ar LBl lamnute of each. other. .18 . The
met hod of claim 1?r11'\/\hefhee?ﬁg§% %‘Jy%{ﬂnrlée‘{vsh?e%‘ncg T ?oﬁﬁrg/etri"ésaén%}'ﬂ’é‘c PRBWEosi ti on
and at | east 004k i ti r I mul.t,anequsly. WO
01/ 36740° pori SRR 8144 R lo TR0k 5P B Bl R WG PRyfrer i n
said at | east A - I Z It} d at | east one cationic
pol yrer COWO%W?O%JF%Lé%hgﬂr%@S@@%&%ﬁtéﬁ%ﬂaﬁ St in a paper neking
process. 20 The (gt noghGhofdadeah? s, WKL 23 @b LR 1005 SAL W VUi ©
enzynme 5 conpositron and at | east one cationic polyrmer cgnpolsl Id nare
added prior tQ. i i ich | the e chest .
21, The. met hodoaye] Bl o sl o s o368 SHpA e oh Al oF BE GBS
first cati O”Joﬁds%l}e?grh%’ftﬁeopuiphe treated pulp prior to the blend chest.

10 13.  The method of claim 1, wherein cationic polymer in said cationic polymer
composition has a weight average molecular weight of at least about 10,000 and said cationic
polymer composition is pre-combined with the enzyme composition before the polymer and
enzyme are added together to the pulp.

14. A paper or paperboard made accorc_iing to the method of claim 1.

15 15.  The method of claim 1, wherein the at least one cellulytic enzymel composition
and at least one cationic polymer composition are added within ten minutes of each other.

16.  The method of claim 1, wherein said at least one celiulytic enzyme
composition and at least one cationic polymer composition are added within 5 minutes of each
other.

20 17. The method of claim 1, wherein said at least one cellulytic enzyme
composition and at least one cationic polymer composition are added within 1 minute of each
other.

18.  The method of claim 1, wherein said at least one cellulytic enzyme

composition and at least one cationic polymer composition are added simuitaneously.



22. The nethod of claim 19, wherein said at | east one cationic polyner 10

conposi tion conprises a synthetic polyner having at |east one

ni trogen g polymer. 23. The nethod of claim21,.f

conpri si nég'?h?% ﬁm ng at | east a second cationic star ch to t(ﬁ];e)ﬁ{l?eat ed

pul p and wherein said first and second cationic starches -argpidyep0aame or

different. 24. The nethod of claim 1, wherein said pulp is a virgin sulfite
pul p. 15 25. A paper or paperboard tde accor di ng to the method of claim

23. 26. A paper i ng.,ap u onp p of an_enz

conposi tion, ”E%p thBatL‘idtatftf?ﬁ"E {J b"r‘r%‘i’ s@@n‘% ‘%ﬂ‘ U, - “'%"Lf%ﬁf‘?’“‘ﬁf a
paper maki ng VI ce for.. fee an enpzyne DSItI omthe
supply of en? ?ttleagﬂ SR o%ca‘fo WSFE‘?%’F adg?ﬁi%%fotﬁ ‘°6trH't he
supply of catl on| c %/lggeegs to the supply of paper meking pulp at about 20
the same ting o i Stpply of treated pulp, and a devi ce for formng
the treated pul p to t pet he.ap aratus of
clai m 26, wherei nb[gal ﬁae'\%t@% § dlgﬁgr m r‘?’he'? ey reagegs %ﬁl Ce}i"]?%"‘r’rﬁ

P! eng oS BmBRITH A AL lickfdnt At BB Y o SALPLR W Qg.rs%‘ﬁ}a” purp

i3
in conmunica reen in co Wth said

fan punp, anqvh%h\{%} O %@gé%e%gégggm 42119 13 May 2004 - ;5 head box in

comuni cati on screen The apparatus of claim 27, wherein a

supply tank is proyi defqilefngﬁhoﬁ%lf%aﬂlg 19 fu?tHsgpéé)gxPngumt 8o Elﬁgeggeaﬂuén? f@nd the

conmuni cati on between said supply tank an en I'ncludes a

refining app%ﬂ%&i&%tafcﬂﬁoﬁ@tfréa Bg?glj'betgz @ﬁ\%rﬁﬁ ﬁgl p before entering the blend

chest. 5 30. The apparat us o i'm urther conprising a supply of

cationic starch, #n ayt!ghndy %ﬁ@? l§ugfi\|el¥m0§al(§ A GeaS@bhe® Witfoni! @%’Qt hor

communi cation with an-inlet to sai treated pul p and

conpr I Si g a GMJ%&SW . alseé'a% theﬁ@;ﬁ) Cﬁdephﬁrﬂfgqt 1%1 dn€ n%ﬁeﬂfco&hlhﬁ’l% Eﬁ??mé’?‘n i nl et

i n conmunicati o nin I n”conmmuni on" with

sai d head box; ang an @uilefhd iof cﬁw,nﬁxﬁﬁ’ér'cgﬂpﬁgiﬁghnﬁﬁugng at least a second

cationic starch to the treated pulp and wherein said first and second cationic starches -are the

same or different.
24.  The method of claim 1, wherein said pulp is a virgin sulfite puip.
15 : 25. A paper or paperboard made according to the method of claim 23.
~26. A paper making apparatus comprising a supply of an enzyme composition, a
supply of a cationic polymer composition, a supply of a paper making pulp, a device for
feeding an enzyme composition from the supply of enzyme composition and cationic polymer
composition from the supply of cationic polymer to the supply of paper making pulp at about
20 the same time to form a supply of treated pulp, and a device for forming the treated pulp into a
treated paper or paperboard.
27.  The apparatus of claim 26, wherein said device for forming the treated pulp
comprises a blend chest in communication with said supply of treated pulp, a fan pump in

communication with the blend chest, a screen in communication with said fan pump, and a



10 fan punp. 30. The apparatus of claim 28, further conprising one or nore
refiners for refining the pulp or treated pulp prior to farmng the pulp
in said he 31. A nethod of nmaking paper or paperboard conprising: a)
i nt r oduci ng%aoq%'{"f’oni c pol ymer conposition to a pulp to fpd'F‘"l‘WSt"P"gﬁls'ed pul p;
15 b) introducing at |east one cellulytic enzyne conpositi oRztaysajod
treated pulp to forman enzyne-treated pulp; c) adding a
ni t rogen-contai ni ng cationic pol yner -Bonposition to the enzyme- treated
pul p; and d) form ng the pulp into, paper or paperboard. 20 32. The net hod
of claim 31, f‘?i’rdtbﬂ’ég‘c&'ﬂﬁ‘ﬂ"F%‘Pﬁ&“'i‘Wt"ﬁé’ﬂ%i ng a second cationic pol ymer
conposition to the _enz -treatedq p_ulf) prior to introc_:luci‘ggﬁt he
ni trogen- cont ai ni - caNT AR OF Ay 27 Shpeiia supply task ishrovidegyforcholdingaa ed
pul p. 33. The rrefyh of cl am 31, wherein said catiaoni cw‘%olymar conposi tion
conprises a PP &3 B BV 406 5 SPpRERcapn Berween said supply terks avd Baid) blend
TI USO0/ 42119 13 May 2004 _-16- 34. The_nethod of claim 32, wherein said
second cati onf td’bc?{‘ﬂfiﬁ%arm@'a?ﬁﬁ?g?"?t\’sofﬁrm‘gf‘s‘@éte‘épﬂl? bafesg entering e Blepd ¢hgstpol yner
1, wherein said cel|lulytic enzyne

or a starch. 35. e hod of clai.m

conposi ti OE cont aigﬁs ”EF‘%?'HpﬁrﬁtBﬁP’lcg%’tzz_ %B'EFEIP"%%“&&Z“WP& ofgatigic s, Akt hod
oai 0 pulp i SHELIERSHE Hpurol T Eite 80 SOOI B WBGosa SuRely ght
enzynme based_on.the dri solids wejght of the pulp. 37. The nethod of
claim 31, méﬁ%&ﬂpg&a@@ﬁ%ﬁ%@éﬁlﬁﬁﬁg ’%“@I‘Fré'li’rrpri ses at |least one pol yanide

ol i goner and at | east Re .cel.l ulh. tic e ZYIMe. . — i
wherein Said white water silo has an inlet in communication with said blend

chest, an inlet in communication with said head box, and an outlet in communication with said
10 fan pump.
30.  The apparatus of claim 28, further comprising one or more refiners for refining
the pulp or treated pulp prior to forming the pulp‘in said head box. |
3l. A method of making paper or paperboard comprising:
a} introducing a cationic polymer composition to a pulp to form treated pulp;

15 b) intrbducing at least one cellulytic enzyme composition to said treated pulp to

form an enzyme-treated pulp;

¢) adding a nitrogen-containing cationic polymer composition to the enzyme-
treated pulp; and |

d) forming the pu_lp into paper or paperboard.

20 32,  The method qf claim 31, further comprising introducing a second cationic
polymer composition to the enzyme-treated pulp prior to introducing the nitrogen-containing
cationic polymer composition to the enzyme-treated puip.

33.  The method of clam 31, wherein said cationic polymer composition‘comprises

a nitrogen-containing polymer or a starch.



10 38. The nethod of claim 31, wherein said pulp conprises a sulfite pulp.
39. The nethod of claim31, wherein said cationic polymer clt; said cationic
pol ymer cogrPsiskisgn is added to said pulp in an anount ofP Ahgut

0. 0001% by wel gﬁ'{t‘gt o about 1.000% by wei ght, based on the & e?ﬁsol I ds

wei ght of said pulp. 40. A paper or paperboard made accordi Ag M4 ddpa et hod
of claim3l. 15 41. The nethod of cl q#&n 31, wherein said cationic polymer
conposition is introduced at the ble chest in a paper making process and
said at |east one ﬁﬁgl ! bf'hé"iﬂeﬁﬁoc?gfzémﬁli 320 GHBER Issih (gcréor:lijs @ ?nt&cr [(J)o j}rjlgeer%or%;gos}tigg

machi ne chest of t sane paper making process an

ni trogen- cont aiphfek ﬁg&&gﬁ%@tagﬁj&ﬁ%e&qg&%ﬁt ion is added at about the

whitewater silo int maki ng process. 20 42. The nethod of
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stuff box which is |ocated between 548 I ne
silo. from about 5% to about 20% enzyme.
5 36.  The method of claim 31, wherein said enzyme in said enzyme composition is

added to said pulp in an amount of from about 0.001% to about 0.100% by weight enzyme
based on the dried solids weight of the pulp.

37.  The method of claim 31, wherein said enzyme composition comprises at least
one polyamide oligomer and at least one cellulytic cﬁzyme.

. 10 38.  The method of claim 31, wherein said pulp comprises a suifite pulp.

39.  The method of claim 31, wherein said cationic polymer in said cationic
polymer composition is added to said pulp in an amount of from about 0.0001% by weight to
about 1.000% by weight, based on the dried solids weight of said pulp.

40. A paper or paperboard made according to the method of claim 31.

15 41,  The method of claim | 31, wherein said cationic polymer composition is
introduced at the blend chest in a paper making process and said at least one cellulytic enzyme
composition is introduced at the machine chest of the same paper making process and said
nitrogen—containfng cationic polymer composition is added at about the whitewater silo in the

~ same paper making process.

20 42.  The method of claim 41, wherein said optional cationic polymer is introduced

at the stuff box which is located between said machine chest and said whitewater silo.





