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S (57) Abstract: Methods of making paper or paperboard are described. In one method, at least one cellulytic enzyme composition

and at least one cationic polymer composition are introduced to a paper making pulp at about the same tine to form a treated pulp.
The pulp may also be treated with at least one cationic starch. The resulting pulp is formed into a sheet of pulp. Other paper making
processes are also described. A paper making apparatus is also described for carrying out the methods. Paper and paperboard made

=

according to the methods are also described.




[err] Abstract: Methods of maki ng paper or paperboard are described. In one
nmet hod, at | east one cellulytic enzyne conposition and at |east one
cationic pg}oydggg”?orrposi tion are introduced to a paper mgldiigoiisp at about
the sane tinme to forma treated pulp. The pulp may also be treated with at
| east one cationic starch. The resulting pulp is fornmed i”tQ3qw5W§§M of
pul p. O her paper making processes a e al so described. A paper ‘making
apparatus is al so described for carry ng out the nethods Paper and

paper board made according b ed WO 01/ 36740
PCT/ US00/ 42119 13 May 2004 - @%% ENZYNE AND
POLYMER COWVBI NATI ONS BACKGRCU he resent i nvention

relates to pa&ﬁ]Bﬁﬁh%ﬂﬂDRﬁpﬁﬁﬁ pproduct s nade fronrthese processes.

More particul ar e present |nven |on relates to treating paper making

pulp with g cel ] ui'ﬁé#e@en?ﬂ@ﬁﬂ& Alds BHocf fralRd &o@%lemgfodu{ éde%apgﬁes aper

maki ng processes usi ng an enzyn'at| c treatne

described in, ,f 0k %3P b tculdriodh

5,110,412 to '10 SFeuent Dpiitcu é?sl o %’23‘ ¥ plhe ga?‘& é’%&”’:’%né%" ‘3’5‘%8,449
to Fuentes etmgh %ﬁk&%oﬂﬂhﬁﬂr Ivin@GOr por at ed hereln inits entirety by
ref erence. Accor t hese pro ses, a paper nmaking pulp is contacted

with an enzyne co rmgﬁbﬁn‘ ﬁﬂer%%n@pr%&é@s%& e Ale Rﬁﬁ]&ﬁ@%&%?t@f ﬁgpep ﬁ'rfal?h%%ute]b e pulp

is worked on a conventional paper making mac

processes, thge RidcAbed S for "e>€‘r£¥ﬁlenu'g1 PRRRURGE 4944 ﬁsttg%a%yﬁg%l COROgH 4 on for

at | east 20 m nutes before thé pul p 15 can be tréate a Contvent1 onal

synt heti c1pol yiie 6 éioﬁ}?@ﬁmfr't@@arkém?alc%& 38hg 449%'«‘ Ft’i‘énke?‘é@ﬁ éfe{E‘ﬁ o‘?%}’cﬂﬁs an

adequat e reaction peri od prior to a ddi'tion of the synt hétic polyner.

Accordingly, hBRpdseLRssh h6E ‘éhtfr&% brefefad, Ab&rdficth ttlie%r&;ess%ﬂg pgﬁéf' [nB8hS C Coh i s

pol ymer downstream from where the enzyme first contacts t
time consuni nguRRdoREaIWihah kyme composition for a substantial period of time before the pulp

is worked on a conventional paper making machine. According to these processes, the pulp
must remain in contact with the erlzyme 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



There is a need for a paper making process that is sinplified and/or avoids
the lengthy 20 contact tines. SUVMARY OF THE | NVENTI ON The present

i nvention provides a method of nmaki ng paper or paperboard that includes

i ntroducing at | east one cellulytic enzynme conposition and at | east one
cationic polynmer 25 conposition to a paper meking pul p at ngmgyédya sane
time, to forma treated pulp. The 13 May 2004 -2 enzyne 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 also be further treated with at

| east one <cationic starch. The resulting pulp is then fornmed into a sheet
of pulp, preferably having inproved dré nage and/or retention properties
conpared to conventional treatnents. After drainage and drying, the

resul ting paper or paperboard preferably exhibits excellent opaqueness and
ot her physical properties. The present invention further relates to a

et hod " of SRS HUMRRER 35 POMFEAIRRER GOt ¢ MU P aL RSP g A B - a

bl end chest with a, .cationic polynmer conpqgsitigon and then passing the
treated pg? Brergmbingd oR fhen e Th, aple ey s°e$‘&§'ﬁ@°’é@ﬁ‘ﬁ%§i“ﬁ‘i%i“ﬁ's°“ﬁdded to
the treated pul p.. The enzyne-treated I.p is then refined and passed to a
Stutf boxCetepiE A T8¢ GrBE,pul i ﬁ??“pfﬂwggi‘gmt%ﬂ’ﬁ“ﬁg?g@dﬁc%&g vidgwhite
wat er sil o where a second cati.oni c pql yner onpositjon is added to the

pul p and imRspved firaipege o erm%pwﬁgﬂ“p@ﬂweﬁﬁoﬁ%@m (gatmepts: peLsent

I nvention_al so provides paper. maki ng apparat ys -conpri sipng a upply of an
enzyme cofwess i“ﬂﬁi,é'&"%’ugﬁl F‘ﬁ?‘“gapﬂﬁf i%ng%e%?@ rREyierg ﬁbgﬁ c?ﬁ?"?'&‘ﬁsuppl y

of a paper neking pulp, ,a,device for feeding an enzynme conposition fromthe
suppl y of?P’QPFZ'ﬁWQBWﬁ’d%‘ﬁ PrORffScat i oni ¢ pol ymer to the supply .of paper
maki ng pul p at_about . the sape tine to forma_supply of treated pulp, and a

device for for HErREeEHdM{eRERn o plgtes tp A mmsthod of makingpaper e p boar d.

includes treating pulp in 2 blend chest with a cationic polymer composition and then passing

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 pﬁ!p_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 corﬁposition 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.



The present invention further provides a nethod of meking paper or

paper board conprising introducing a cationic polynmer conposition to a pulp
to formtreated pulp, introducing at |east one cellulytic enzyne
conposition to said treated pulp to forman enzyne-treated pul p; adding a
nitrogen-containing cationic polyner conposition to the enéégggﬁé?ﬁated
pul p; and formng the pulp into paper or paperboard 13 My -2a The
present invention also provides a paper naking systemfor carrying out the
above descri bed net hods, and paper and paperboard made according to the
methods. It is to be understood that both the foregoing general description
and the following detailed descriptior2are exenplary and explanatory only
and are only intended to provide a further explanation of the present

i nvention, as clained. The acconpanying. draw ngs, which are incorporated
in and constitute 'a part of this application, illustrate several

enbodi nents of L,ovention- and tggether with_ description, serve
to explain theTB{: nc"%ﬁ"?{}% Alﬁfemv'%’? B gt mpky £18 for carpingrouttherboyeCHI MON U

T R e M VI R AV
o another  emanionpRest Bl Rk s Pragin el devpupeas fe fllomigw char
;?g\émezg ? rﬁ%ﬁ I%e%gglgér@reggn?ﬁgry v 9xrp aimrllt ryto%lyaaggtapeegnly i?xtrgggcgitg?apoaridgfa the

_further explanation of the present invention, as claimed. The accompa;mying_drawings, which

are incorporated in and constitute a part of this application, illustrate several embodiments of

the present invention and together with description, serve to explain the prin.ciplcs of tﬁc

present invention.

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.



DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The present invention

provi des net hods of maki ng paper or paperboard. In one nethod, at | east
one cel lul yti zyme conposition and at | east one cati oy r
conpositi 6gﬁ%ﬁﬂntroduced to a paper making pul p at abou; %ﬁ@hgg%e tinme.
The enzyne 10 conposition and pol ymer conposition can be adQ§ﬂM§QPer pul p
separately, or they can be pre-conbined and then added. The resulting pulp
is then fornmed into a paper or papeﬁ%oard. According to the present

i nvention, a catignic starﬁh cgn | so be added.to the pulp or treated pulp
either at about {FEEZE & [AK At SIS AR CHSIE SRS CHFAUSE &9 PPl
enzyne conposL%#on aﬁg added, or at a later tine. The cationic starch can
be the same SEOYYMH! PHRTBFEN FYCHOhm t he cationic pol ymer added earlier
Paper and paperboard produgts according to.the netho referably

oxhi bi ¢ excol | oL BB G B 0L SHH SIoNGtEn P ook PSP B e 1> SR s of
pul p from whic he er and erboard products are nmade preferably

exhi bi t exceFTE%ﬁmm%gﬁﬁHgﬁgﬂgﬁgﬁﬁ% excellent retention of pulp fines. The
met hod of _.the present invention can be practiced on conventional paper

maki ng 20 machines with nodifications that can be easily made in view of
the. present Jny i s di fferent types of
paper maki ng atl ofr Jo) pAmm =0 Xalpl e, the pul p may
conprise virgin / e .ed , iral.n sulfi l.p,  Dbroke
pul p, a har d\/\oodaﬂ]r%aé} %se%uﬁ%eslwg’ g@%%o%%“@#a‘?ﬁ“ %L"Iggéag?ﬁ O:gtpt? GEergoag IE[?S% pul ps,
and the like 01/ . Qéﬁgz . 2 4 - di d
above, the eH?%%% %oﬁ%gég%?%ﬁbﬁﬁg e %ﬁ?&%ﬁ%&xgdgaég%%g%g%gg%tf@%ﬁgre

added at aboyf, {480 %’E‘?deﬁ@% gf b fp%g& {%ﬁknﬂég gﬁ@dait Aout BRSGmb %gc?ﬂvaoﬁﬁ%é s at

about the same tine neans t onents are a d 10

i nutes qb Cagth O AR SmRERLELAN gl € AR eIl BibeS . Of

each ot her even nore preferably are a or within

1 mnute of ﬁ%&?xg%@c%nd%lﬂ AR TR ELREZDLY idhé RIS S SHF bdabefboard.

si mul t aneous
According to the present invention, a cationic starch can aiso 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.



the pul p. Furthernore, the enzynme conposition and the polymer conposition
can generally be added at any |ocation of the paper making process but

pr ef er abl y, Srﬁmﬁﬂped prior to the whitewater silo in a p@p bng
process and nore preferably are added prior to the nachlne est and
even nore preferably are added prior to the blend chest. qug operably,

the enzyne conposition and cationic polyner conposition are ad ed prior to
the first refiner in a paper naklng4process which is generally Iocated

L e s
ot her conpone‘?f{ gat(%o"t © SHRHEDS r@f%{?géﬁdg'eg thf’sﬁéw "‘ﬁ’ﬂ?eyﬁa&abﬁ'@tﬂff’\ﬁﬁg?mﬁ? t he
T D e e
Jaquess. U< aaeg& e” ‘3«%&%%?%&%?0% R %‘87V6%T°’§§6??%%?Y@ac"%8§%§vfﬂ Sptieh 5og
210 Loty PRI PSR S PSR TS

pul p- treatlngh$@éynes are BUZYME(tm 2523 and BUZYNE(tn) 2524, both
available fro ckman Laboratories Internatlonal Inc., Menphis,

Tennessee. The ¢ QE¥H§:ﬁﬂ$ﬁ abI cont ai ns f on1about
5% t o about 20%?%“H#%Bkh?gen fon preﬁgrr enz n%“cdﬁ%@gmp can
further cont Qd d 595%%&}‘ LI?B gﬂa e %af(mg%}%%s? it glj %81 aﬁeeadded rior to_the

pol yvi nyl pyrroli tetra er, and WO

01/ 36 7_40 ) PCT(’VN% gljo]'n? a éa% r%gpo%f:ss §n $rQ Erreﬁgig@i R Q%J!iegrb?il t? rt'hZeanE%lN%c

conposition a tlves esc
5,356, 80Qy ThRaaH? el?é?bﬂpaﬁj@'ﬂd ribf6 R YR | about
0.001 to' about O. 100@6byrme?ght enz M aseg Oﬂ@%ﬂﬂo EQ%QLPQﬁ? "5 he

pul p, for exgmph§ion ndTafRRYolymEr &%ostlt%naaﬁoéﬁheuoprgﬁ% Y f %ﬁeﬂmr in a paper -

making process, which is generally focated before the blend chest.
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 ta 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



5 1n a preferred enbodi nent of the present invention, the enzyne
conposition contains at |east one polyam de oligoner and at | east one
enzynme. Thﬁo%ﬁ&&ﬁﬁide is present in an effective amount ?a%ﬁﬁau9ize t he
enzyne. Exenplary enzyme conpositions containing polyamde oligoners and
enzynmes are described in International Published ApplicatioqghNgy 2060
99/ 43780, which is incorporated herein inits entirety by referénce. 10
According to the present invention, Phe enzyme conposition can include a
conbi nati on of, t differe s. .The enz ition can
i

. .t . .
i nclude, for & eiﬁ&?ﬁ'?‘@?@“ﬁ%fﬂf&?‘?@'ﬂ“ g‘?“zl‘ﬁ’g‘f?'abé% XU )&/gg%‘?ceﬁﬁ % Peighig
pol yan de. of (Gorer 40 A8 B and i s Hieat S iins of G RSO RBET on,
dded to the gul B8 th ' the 15 ition, i
added in an Ata O RERHRSEn Ty bl BE] Sl e RIS AR R pon ™

retention of I 0 no cationic polyner being present. In
general, the %@?F@%&’@@gﬁgﬁggh‘fs added in an anmount of at |east about 0.5

popnd cat o ¢ POl bR Srenkfindl of ARBRLAL Ao BRSHAR ASRGT B OF N

Ul
pul p, and prefera I'n an anou east about poun e

D S bout 5 o e oRD pyarkiBE ofifBink b s RALETE kel S8 S bl & HRHTH 1 17O

t ock, . i gdg I gs- i oni A referably b
paperst ook e Uil Eleaitl 65 . SRR SRl SRR PRLRLEC Y 0°
on the dried solifs i Rtan?fg?%ﬁs AR Yn Egelﬁﬂae@gfpmémg{; mygure

Raidh K.
t her eof may be-used pre y convention Ionrc p

0

9
I
yhers commonl y

associ at ed Wyh opapRh, R i itd Dt Lonhi ¢ WO 01/ 36740
PCT/ US00/ 42119 13 Nhy’zooi -%- pgggﬁgﬁﬁgg%%%éﬁﬁ?gﬁg&ﬁganpIes of cationic

pol ynmers joncl ude, AQutdil & MY phekdht liRRknfidh, t @tein%@icgrco LGN & iﬁﬁﬁ&eogi ¢

pol yacryl am de pol ynmers, for exanple, copolyne nacrylamde wth a

cationi ¢ MoNQAEkinatidh &F Bhd) off MEre Ctker AR bitzy BN GHE bnRY cBifpdsiflo cahebii®! kged or

quaterni zed form
example, a combination of a lipase and a cellulase, and optionally can include a stabilizing

agent. 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



Ni t rogen-containing cationic polyners are preferred. Exenplary cationic
nmononmers which 5 may be copol ynerized with acrylam de to formpreferred

cationic p o .ﬁoaccording to the present invention, iQQﬁHﬂﬁw jonO al kyl
esters of acrylic or nethacrylic acid, and diallylamnes T n elrtheér
neutralized or quaternized form Exenplary cationic nononergj oggat i oni c
pol yacryl am de polyners are described in U S. Patent No. 4,894, 119 to
Baron, Jr., et al., which is herein{%ncorporated inits entirety by

ey ¢ HioMer EHeRRL T EROMNR: iR BRRerd Roflad BTl LS, ft™? 11 O™
exanpl as of - CAPSHECeRR P BAHMEE ik BE el ihones P Bpice Wb
acryl o act assaspinilh AREE o ARRE L Ruori HRY s b heaiy ARG Y o881 110
Fortner 1 or EPBSetRRE eflorilmyd oo FROpHHY e Rl ik ror
pol yacry1 o 400 Ropneed it il Mot @RS lR i o Bl RY [
and_gener al |y oo Ko RARER o R of PR o Bludiylo S8 2 S8t 5

ol % and 20 eatabdiaity O GRkEhirkd Hima BULLED dRbC nﬁ[wgév}g_ragcgg MR, 1S

t:onic
preferably forne roma cationic conononer wel g nol ecul ar

wei ght of th FeTal e St V, ; for _exanple, from
about 10, 000 5 apance yBTR s3B! R PR Blog 1 DBperey Bt VR

10, 000, 000. Q04 %Matgﬁgm%%ﬁ&g May 2004 -7- In a preferred

enbodi nent of the present 1nve , the cationic polynmer present has a

wei ght avey age nolrgCuliaic PRHG mBT a1Rtvel SFNacrHRAME forfied BOm P ohdiners that
pre-conbined with the
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 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.



enzyme conposition before the cationic polyner conposition and enzyne
conposition are added together to the pulp. 5 After treating the paper

maki ng pulypoWAdsd Ne enzyne conposition and cationic pobyBEee&IPOsi tion
at about the sane tinme, the resulting treated pulp nay then be processed

by a conventional paper making machine and techniques. The %g cRul p may
be additionally treated with one or,nore conponents, i ncluding’other
pol ynmers such as anionic and non-ionic polyners, clays, other fillers,

e ot Per e oy et o BRUTER b6 Ine e htkon, b AbaRtHED: Sl 0 2 U

and ot her conventio aper processi’ng

particul arl Y ol Etf s{eFaEQ m%g .l%ri We %‘lft gf gf%ﬁst %@?Tiﬁ'bﬂﬂa&d"isfp@%m tm@ gvsatgo t he

r
present inventfon rsca cati oni ifonic sta may dto

h | : . ' ' . h d
the pul p or Er?é@g Egmgcgglgn Bork bR ﬁ{lﬁcﬁg}@rl)éﬁeg\é%&siﬂgrr %@gen%ﬁ%e%q%@%&:@#ncare treate

pul p. Starch ed at one or S W ot paper 15

maki ng pul p Ond-BEmPaper neaking apparatus or system of the present
i nvention. Fgr |ﬁgtance, @@fionic starch can be added to a pulp at about

the sane tine th catiani I ed tq.. ul p.
The cati o%\i c st a%%ﬂ%ﬁ%ﬁﬁ?@%%’ ?t"‘c‘,@“’i&@‘d?‘? e ?for"ﬁ)ggg%d%‘gd&%%&fhg P
treated pul r P i i ; A d
cationi cp ng ?&%ﬁwﬁl e%tgirilétg‘gblgg{e isﬁ%%ﬁt{s’tﬁgﬁﬁﬁgﬁg%%g?&ﬂgfnggﬁlfﬁg%% n%s?tpl imted

to, potato SHALCHGIentiGR Papef Inakid! mlfe MA%e@hidfs. Vehe %ﬂﬁgbgggggﬁ be 7

conbi nati ons thereof. Conventional anpunts of starch can t he

pul p. An exepiiiRhMlyarRed it? bne & nihd EbnpbfthntsCREudIS: M%%oi%&@%&@h@%a&i&&é he

present invention i's fromabout 5 to about 25 pounds” per ton based on the

dri‘ed sol i dsHeioBinonha, A RucVRIGLERS PAMCRETLUSARL $3348, B3 o004 - 8-

In addition to or in place the starch, a mcroparticle additive may be
added t01hheafaptk RudH asPiliim,! dndEotlbd lcbil@ntioR8 RAPQGRAMg oF Wrocdishk Rkl dsChRe
e

additive can nodify the charge of th

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

starch that can be used according to the present invention is from about 5 to about 25 pounds

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



pul p or the charge of a conponent of the pulp. The microparticle additive
can be, for exanple, a charging or nodifying agent, a filler, a

coagul at i ng'r a%ent, and/or a retention aid. The 5 mcroparticle additive can
be a natur CHP%Int hetic hectorite, bentonite, zeolite, BFUPOHA2D|, or
any of conventional particulate additives as are known to th %g,%bhl ed in
the art. A biocide may be added to the pulp or treated pulp 1n accordance
with conventional uses of biocides 88 paper maki ng processes. For exanpl e,
a biocide may be added to the treated pulp in a blend chest after the pulp
has been treated H tditiopde enizpiree efifbe dareh. o mieropagiclsoidgither mayBreoiiaticts thes ef ul
in the paper making pul ps _according to the present invention include

bi oci des wel | PUHBRAY e g dhegiocessebheimicropraticly additipeyean encdifp the chamteAM(et m)
1130, available from Buckman Laboratories International, Inc., Menphis,
Tennessee. A FYRRLthercharge o campraps of tha Ryl he picropantiels pdditive eani hegforrxamplie

met hod of the present invention is set forth in Figure 1. It is to be
under st ood t Hat3{gNe BpdlngAset 3 Sillery afpselalingosgent] Bnd/aren pstestiamaidi Fheent i on
and is in no wa ir_ltendg,e_d to restrict the scope of the invention. In the
system of Fi guir@praticleadditive,can bg p natirshorgynthstichsetprite.dantamitg, zgolie slyminagsl, erat i oni ¢
pol ymer corrposbé ion are simultaneously conbined at desired respective
concent r at i orf8Y G PRveRtiqngl pafticgfate additivesAs 3w knawsup thesackiled Bthesrit o form a
treated pul p. The sy y of p shown represents a flow of pulp, as for
exanpl e, suppl i edAfs'?’%ﬂeﬁaﬁh?Fﬁhl‘LFgI“bl?hﬁﬁmf’.é’ﬁgeaéﬁd Py|p ip accprdance b |convettionell p 20
shown in Figure can be a conduit, holding, or mxing tank, or other

cont ai ner, pdSELY&Ierres inpparer; making pregssses ST exsmple; dRiogifle pay be added tethspl y of
enzyme conposition can for exanple, a holding tank having an outlet in
comuni cat i ofegfd ReIR A ?BF’E‘E chsst "’g‘ei E‘EQP'@&‘%B?‘?B teafptl WithrHig engssng c@ionigat i oni ¢
pol ymer cgnposition.can be, . .faor exanple, hol di ng tank having an outlet in
communi ca%i or® rhg}fﬁﬁfsrﬂsg?l ’Bg'etp?‘f’ér gﬁ%’éﬁ%’gt’sﬁﬁ’f”ﬂmﬁ hide Progontynyesondpriude

PO U001 421 MR e oL e P B D8 SRR €1 01

Buckman Laboratories International, Inc., Memphis, Tennessee.
A flow chart of a paper making system for carrying out the vmethod 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.



passed fromthe treated pulp tank through a refiner and then through a

bl end chest where optional additives including a biocide are conbined with
the treat egoRyhsyg The refiner has an inlet in connunica@hyﬂmmhﬁhgan out| et
of the treated pulp tank, and an outlet in conmunication 5 wth an inlet
of the blend chest. According to the enbodiment of Figure 143 p
treated in the blend chest is passed, froman outlet of the blend chest

t hrough a conmuni cation to an inlet BF a machine chest. The blend chest
and machi ne chest ;ga

nown,to those . skilled in

the art. The machl ngmgﬁ%és?{d @ﬁgtﬁgggvag%'&g)%li%&e%@,ew 90 Pofamer Somposiipn s

b “the. syst erhiissh FBAUEE MR oo ER Kookl S AR dhral el PR e ST "
tho whi t o vat B! dates hARANGIUS QR A RS BB, e kil ape -
yet om i nol udes: b b o N in ol RPb e r Bk 35y h RAS P OFHurichE | 01

may be added i & BBedF#E bleRQfespt! t hough not depicted in Figure 2. The system
of Figure 2 has a second refiner between the machi ne chest and the stuff

box. O h dditi | . 1
250 be added at 1§ Reelf e ShBRimALAHE! FEBpAER A G B W O her
poi nts al ong giear dufd oPhhe B kel S EcQtiJano oTelo ¥ éﬂ%a%ﬂgea@%&}ﬁe The

apparatus .of the present 1 nvention can also Include neterin evices for

providing 2 i : i f , for
exanpl e, fro%‘%ggt%{%?g%&mﬁ&%ggﬁ% 08_5}?%%“‘%@?%'% 8‘9‘5‘\%"9 a@k‘ljﬁ%?‘gbased

he dri ed i i ) i
on the dri ed ;§0tHcdSachiad %%_eﬁ&ret; B fevA bR thIth?, a%%%?ﬁr%bﬁure Gitthe 'trQaQédqug)lo?}ner ‘o

metering device for providing a suitable amount o e catronic'p

the f1 owgof sﬁa&mmugmtmhﬁmwﬁmmléyst&,%@léuéisr@a Q%tad 000 percent by

wei ght cationic polynmer, based on the dried so wel ght of the pul p.

205 gir_ rlrgf ering or mARsiyfitm SEMEGEs, difd Wip resOlitSRAA BaCRAGRAR M A dABoxle MaY

recirculated to the white water silo,
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



preferably provided for the other additives and ingredients that may be
used during the nethod. Another enbodi nent of the present invention is
depi cted iRoGladse 3- Pulp is treated in a blend chest webfis@aabl onic

pol ymer conposition, such as a nitrogen-containing cationic 5 polyner or a
cationic starch. The treated pulp is passed fromthe blend ¢hgsl JdoBsa
machi ne chest wherein an enzyne conpqsition is added to the treated pulp to
forman enzyne-treated pulp. The enZyne-treated pulp is then refined and
passed to a s f . 00X r t Lonal ..cat i oni .pol ymer _conposi tion is
optional Iy ad‘tgfg%m ' Hr%v\émgu'?rp&@fhhgr %%)dtltfvggn% dn'él e Ign(l’elsl }ci'atpg'ﬂ/%%r’”edc%‘wﬁ%ﬁct i on,

if used, may %gm&pe sane or different than the first cationic polyner
conposition, added to the pulp at the blend chest. Alternatively, no
addi tional cationi Yi¥Bkiml . J . ff b . From
the stuff box, t_ru'aal(ﬁc(:)){ij1 pi s‘_intnh@ﬁﬁgg@gsg ’fvgma]t)?vl\ﬁ#k’ lgt_e%"tlzte'%?esﬁ)glp lsv%egeré%ma

ni tr ogen- Cont Ahahd1gheGAPR iioRClpYiTHEr &ATRAR L ol & AL BintIS RS, The

pulp is then passed throug punp to a screen an ubseqbentlTy to a

head box. Jh "afeglcaroﬁ.%lgmn%!nfesteagélgm@a@ﬂsmml dnBet 18 ARAGRAE POX 1S

recirculated t0 the white-water silo. 15 According to e enbodi nent” of the
present i nventLoWnSBRYR ehImE cSHhifositich is blled & thé G468 pulh ¥ fofin B By 8L ©
pol ymer. conposition can bé, for Instance, a cati ol pol ymer Contal ni ng

acryl ani de uniyis TROGZHE-feate®bultisBRh k@RECanT PRAYIRS a stabF¥eox hES bpdhi Aink

X
pol ymer conposition ‘added, on the other hand, can be a nitrogen-containing

pol ymer, a caigat Gomb&teR: is WptigRY Nafied A ORNE B! mﬁﬂ-éﬁ&i&%ﬁ%%;mr

cationic polynmer conposition can al so be a nitrogen-containing

a cationic stapehtd!if 8R0S be #R ki r QitRRhOER the ﬁT&eaﬁfohaeg%%;ﬁa%ms&mp,ol yner

conposition, the nitrogen-containing cationic polynmer c osition, and the

optional gatiQRicGo HRPulEthe BRAPERIARMaBATY, RS addiBnad BN holJink: i€ LR to
According to a preferred enbodi nrent of the present invention shown in

Figure 3, at diepap aOMe soff bl Fr&R e QRIFELROMY PR iCRIPRRLel @ D SvbRE Gatel BB

optional cationic polynmer conposition conprises a. starch. Further,

preferably theneht d HiRGRA-MRAINAE SO pstinldr \oiRYsHieA khaded YR 0 the pulp is
then 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-



-11- containing cationic polymer conposition contains acrylam de units and
units of a cationic nononer. A cleaner, for exanple, a centrifugal force
cl eani ng dgvi an be di sposed between, for instance, t fan punp and

t he scr een%oa{ﬁ@g"r‘"ﬁi ng to any of the enbodinents of 5 Fi d’ﬁj&g‘ése%%ﬁabove.
The method and apparatus of the present invention provide exsegnpgetos
interaction tinme between the pulp, enzyne, and cationic polyner. Treated
pul p reaching the headbox in the sydftem of the present invention can be
fornmed into a paper or paperboard precursor sheet. Preferably, the sheet
exhi bits exce‘foﬁté"i'{"go‘ia’é‘?"r‘fa GPrBposiigh EatamsAcrfantdendts ambunits tof Agaipgiser and
10 paperboard nmade according to the nethod of the present invention exhibit
excel | ent opAY¥8ffess and ot her physical properties. It will be apparent to
t hose skilled in the art éahat various npdifjcations and variations can be
made to the enbodPAnSKEER T KA & SRneR) RIS Sraming Hisvice Fap et Jiprgssdr om ¢ he
spirit or SC‘?B’% of t.h§ resent invention. Thus, it is intended that the
present i nvert SidBVETECE (RSN RUERARH theisprgen arerdingde nyof teicphedipents off s

i nventi on. pr}ovi del%he% come Wi thin the scope of the appended clainms and
their equivaleft's. " VBYT/ 36740 PCT/ USO0/ 42119 13 May 2004 - 12 WHAT IS

CLAAIMED IS: 1. A npetho f makin er or,.paperboard co ising: a

i ntroducing at | egg?m tﬁ%do%lglamﬂ"ﬂg‘gio?g@ﬁ%mg BB?Y’F%W‘?H@‘&W‘"F%&é‘Eg%ne
cationic pol r c osition to.a. .paper, makin ul.p at .abput the sane tine
to form apt r)ébar‘I'FV ed. 81,3”%6%1 f)n;zylg%&n?)fmglggﬁ?lﬁ'ﬂert lﬁ@%fcfg‘ﬂﬁéea"hﬂf@l ‘Be f“’ﬁf“&?"ﬂ% r or

paper boar d.

system of the present invention can be formed into a paper or paperboard precufsor sheet.

Preferably, the sheet exhibits excellent drainage and/or retention of fines. Resulting paper and

10 paperboard made according to the method of the present invention 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. Thﬁs, 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.



2. The nethod of claim11, further conprising introducing at |east one first
cationic starch to the treated pulp. 3. The nethod of claim1, wherein said
cel lul'yticy conposition contains 10 from about 5 ¢ 20 % by
wei ght enzyre}’usr;ﬁlxﬁ‘j0 The met hod of claim1, wherein said celﬁlbttﬁ ??‘P@wgnzyrre
conposition is added to said pulp in an anount of from aboyg pfhy1d@% t 0
about 0.001 % by wei ght enzyme based . gn the dry weight of the pulp. 5. The
met hod of claim 1, wherein said cell d?ytl C enzyme conposition conprises 15
at | east one R, Yer and at | east one cellulytic enzyne. 6. The
met hod of cl arf f |d pul p conprises.a sulphite pulp. 7. The

met hod of claim 2 A&Iﬁ{ﬁo fl)]nd %a(;[rl Q%{-b%arﬁt%(:h which is the sane or
di fferent fromthe first caiionnc gg1parcﬁp|s Rt p&ﬁ'ﬁ%ed to the treated pulp

before step b). 8. The r}?'?tt‘olaﬁ)c% % lgastafjrm c]ellulWl Syyr?%eq?rllpgm Ion 5 an gea%to?er&;ner

cationic pol ymer conpo tion nprises’ a

composi {1 on Cany iy ShELRA & é‘F%m?’h%*“%%?fyﬁg%%“ R

13 May 2004 - n@ am0- The met hod of claim 1, wherein said at |east one
cationic pol r conposition is a synthetic, water-soluble cationic polyner

contai ning acryl am dea”??""%‘éﬁ%%fﬁﬁ@ %Q%tggaéigpdg}g%;bog un| ts. 11. The nethod

of claim1, wherein cationi Ionrc polynmer 5

conposition is adged tf.Sal#haPsH BaidaD laﬁaepq . Of %by
wei ght to about 1. OOO%eby weli ghtEu b%t?g on HHEF'S% 'Hr gé)%&seas\%eme Bof  sai d

pul p. 12. The fEiRtned mEhdtddpap, Wherein said at Ieast 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 kani c polymer in said cationic polyner co shd as a

wei ght average ﬁ@?ecular wei ght of at | east about 10, 000 anﬁ?sgglzxuionic
pol ymer conposition is pre-conbined with the enzyne conp05|qu&Wnggre 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 m’?&@o&?g%gﬂli’ ghcr%{f{@a“gﬁﬁe«?ﬂ o 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'sslég?gtméoﬁg E‘gﬁ%nﬁwwﬁyﬂ?@’%m&%%@_iw df'&% added
within 5 m nultng‘?()'m%{_ic?&g_h other. 20 17. The nmethod of claim1, wherein said
at | east one cCellTulytic enzynme conposition and at | east one catlonkc

pol ymer conpositi ar Lo Lamnute of each. other. .18 . The
met hod of claim 1?r11\/\heft_lee?ﬁg§% %Y%{%Pléé\g%?egncg T ?oﬁﬁrg/etri"ésaén%}'ﬂ’é‘c PRBWEosi ti on
01/ 36740 e DR b YR B RSl P e bR o0 MR R i
Dol ymor compost Uyt itk B o RE RAR L QAR % ) 2 paper making
process. 20. The Al NofheQhofiddie Wty WRIPL 23l Bt At%ﬁgggg%gg? Seed VLI

enzyne 5 conposition and at |east one cationlc polymer nare

added pri or tﬁid%re];tjenf El.hp fneafl'lia&%ﬁnt ow%.rﬁ: Qﬁoilltss 40%3(‘3.& %j p&%ﬁs%e?to% @gse‘? l):? {!119 dl%&le st.

solids weight of the pulp.

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 i, 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.



21. The nethod of claim 19, further conprising introducing at |east one
first cationic starch to the treated pulp prior to the blend chest. 22.
The net hoq, 9f,&La M 19, wherein said at |east one cationperpglobgs 10
conposition conprises a synthetic polyner having at | east one

ni trogen-containing polymer. 23. The nmethod of claim 21, fys 2004
conprising introducing at |east a seﬁgpd cationic starch to the'treated
pul p and wherein sald first and seco cationic starches -are the sane or

pul p. 15 25, A pidier b R plef 60 R et oe dl@%'fﬁ o) ai m
23. 26. A
conpos.t.oﬁa‘%§5w£sﬁts>‘5{i§d%?£arat“ i gt e Sl W 1 o

paper maki ng puI device for feedlng an enzyme conposition fromthe
supply of enzﬂh% gg%ﬁ%@“?%on and cationic polymer conposition fromthe

P e oLl o0t g PO HAThAd) bS8 YySlnPaRel FRY' Y BLuEL AR 20

the same time to forma supp eate evi'c

e Sk Ak BB Gy DY

claim 26, wherein sa

bl end chest |mn%%gg&ﬁﬁ%@% ﬁﬂhEQw aid supply of Freated pylp .a fap punp

in communication end C est, a screen in comunication with said

fan punp, and a ¥4 01/@@%9105’%%1@9%@%%% itplly m0cind 3 E@&d%g%t? n

communi cation wt sal screen ereln a

supply tank h&gﬂk%%hﬂ%ﬂméﬁ gﬂgaﬁnggﬂﬂ Qh%tOf the treated pul p, and the

conmuni cati on between sal sald blend chest includes a

refining apparatug, forpg erﬁétﬁdengf LR tl?e@{h eldinP Wi PGl gnee'a&tﬁ)“c pa‘]&? bl end

chest. 5 30. The apparatus o larm 2 ther conpri sing
cationi C b alGlinosfiBn comprises a synthetic polymer having at least one nitrogen-containing polymer,

23.  The method of claim 21, further comprising introducing 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 thé 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



outlet fromthe supply of said cationic starch in comrunication with an
inlet to said supply of treated pulp and further conprising a white water
silo, V\hergon ?ﬁ’J white water silo has an inlet in communication with said
blend chefC"4/* nl et in comunication with said head bBCTUSI4AR out | et
in comunication with said 10 fan punp. 30. The apparatus af pdydom28,
further conprising one or nore refiners for refining the pulp or treated
pulp prior to farmng the pulp in sai-tf-head box. 31. A nmethod of making
paper or paper bo%r d, conprising: . a). introducing a cationic polyner

conposi tion t 8% b insompurigation witkitidseresiul p: 15 b) i ntroducing at |east one
cellulytic enzyne corrpci_ﬁi tion to said treated pulp to, form an
enzyme-treated puld: c) "QaMRRYS 8 a2y BHierein @ HPRY gk isaprpvided foplsildingcs
conposition to the _enzyne- treated pul p;, and d) form ng the pul p i nto paper
or paper boar d.S“pE@ °§§’.° %ﬁrﬁd RUP3E thsreommupication betwern spid sunplyrter asi sejd blend

I ntroduci ng a seco cat.qnic ol ymer .conposition to the enzynme-treated
pul p prior to°IeN?s St:afrﬁdm?&]"e?p?\%ﬂsr l%%?ﬁﬁﬂﬁpb%‘ﬁ? ?Wl“éﬂpglewﬁ-

conpositiop to the enzype-treated pul p.. 33. The nethod of clam 31, wherein
said cati o%i ¢ pol ?IQ‘EI’ )c(.g?‘?r%"cﬁ‘g'ﬁ‘? ﬁ’f@%#ﬁ“g‘& comprising A SERAh. YfcAtiamictasd. gibl yner
or a starch. V@eoﬁlé_‘g 740 Pc TI.%JS0.0/.421 9 13 May 2004 -16- 34. The nethod of
clai m 32, whePBFh 5 SUPROSH & %‘Pﬁﬁ?@%l%?“‘%%ﬁ@%“i’&'ﬁ”&é"{ﬂ)?"i’%‘é@fa
nitrogen-cont%%:EIPJFlrljl)?l%/)@u(])di)(l [ or_a staé.ch. 35, The nethod of claim 31,

trce

wherei n said 2 SHRPTE e BE 1A S ot ai ns

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.



from about 5% to about 20% enzyne. 5 36. The nethod of claim 31, wherein
said enzyne in said enzyne conposition is added to said pulp in an anount
of from ab 1 %to about 0.100% by wei ght enzyne e dried
solids wei g’rﬁmgfg?he pul p. 37. The nethod of claim 31, V\hb%flz[%r?&%aﬁ% enzyme
conposition conprises at |east one polyan de oligomer and aBpgasjoqone
cellulytic enzyne. 10 38. The nethod _ g claim31l, wherein said pulp
conprises a sulfite pulp. 39. The nethod of claim 31, wherein said cationic

pol ymer in said cajj onig . Liion,is added.to.said pulp in an
armount of from about 0.00 %’%gp‘&%‘. 8%?%233“13%5 mﬁﬁ‘gﬂ% B‘i’y’%icﬁ'ﬁ?ofg’ﬁ%\sed on
the dried soli, el Sk paper or paperboard made
according to t eprnetﬁg%()% c@%g&ﬁle’gfiﬁerfggit “"The nmethod of claim 31, wherein
said cationic pol yfer qRoResibd &k Si W be. blend.chest.in a
paper maki ng process and said at IleasftWH(fg)ltr?g&g]{gI%?&Ib@% F%yﬁ?\%/mrpgmt'%"ocﬁﬂ%‘é'ftion

S introducedﬁghaba@5%qgm05@0%t@g%epf t he sanme paper making process and
said nitrogen-containing cationi'c polymer conposition is added at about

the whitewater sil. inThEReth&PIRIRABE wHERK GQ ] NGdigs hod of
claim4l, wherein said opt ieonal catli orri,c pol yﬁgwgé%h%%gﬂﬁ%?g-gosg?ont'%e

stuff box whi gded % $aRCAPH RUOER Bf Both AbdRE100 136 (L1650, RS 133 bl L gvat er

silo.

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.



