26 May 2006 WO 03/048454 PCT/ US02/ 37898 -1 PAPERVAKI NG PROCESS USI NG
ENZYME- TREATED SLUDGE, AND PRODUCTS BACKGROUND OF THE | NVERIMoN®6The
present invention relates to papernmaki ng processes and products nmade from
t hese EJOOCF ses. More particularly, the present invention relates to
paper makithl ogsr‘%“cesses wherein sludge generated fromPATV&FE#EKi ng process
is recycled in the sanme process. The nmanufacture of paper involves
bl ending, in water, a pulp naterial (generally wood fiber) with fillers,
such as clay, and other additives ta-create a stock slurry mxture referred
to 10 herein as a pulp. The pulp is then processed through a papernaking
machi ne to form aPARERMARING RIEQGESS USINCERNZYMEJREATEDH om t he sheet and the
sheet is then pressed and CSLUBGE,ANYBREDUECTS ng a paper product. The
drai ned water contains an anount of fiber and filler material. This
mat eri al BSCKGROUNDAOF THE INMENTION ocessi ng, however, the recovery is
usual |y not conplete. Discarded material and material not captured for
reuse fare gen€hegirésynt invemspeiates o faperaakivgra@estd ahd @adute Biladd fodi hésey wher e
still-remaining solids, e.g., the fibers and filler materials, are renoved.
The cl eanmabesssst Bloreiparticilgiyhthe pedntiaehtidnntlates th @apenivaking proesaies aherei®nuni cat ed
back to the papernaking process for reuse. After dewatering, the solids
are cont aludgecenamatal foormpdrmakiregrocest is piceeddd ity thd @8e@BRess 0l | ds, paper maki ng
sl udge. The main conponents of this sludge are fibers and clay filler
‘mat eri al . Thi Theghandigaure sf papan ivblyes dlesdins @dvasd, apylpbnaeyialiigenérillylvaiadf i | 1 s, 20
| andspreadi ng, or incinerating. Sonme papernaki ng processes recycle
paper makifiber) with fiaes, sucheswdayeand othkyi sldilies tdeeare £ vk dluinomixaeatsfseddyo af f ect
si zing and cause size reversion. In papermaking, "sizing" refers to the
abi | i ¥0y dikrcipape pulprThe pplp istlarpebctseeditiesigh ta pagiredking achsitied fonh a sheat. er
penetration, or both. "Sizing" also refers to sizing materials, sizing
conposi t iThasvatenisdhenieziragd ddmithd shes andsthe bheatSis &ien pleksenyld dsied; @ierdbg anhydri de
(ASA) sizing

forming a paper product. The drained water contains an amount of fiber and filler material.

This material is collected for later processing, however, the recovery is usually not complete.

Discarded material and mate.rial not captured for reuse are generally transported to a waste

15  treatment facility where still-remaining solids, e.g., the ﬁberrs and filler materials, are removed.

The cleaned water is discharged back into the environment or communicated back to the

papermaking process for reuse. After dewatering, the solids are contained in a concentrated,

typically 40%-60% solids, papermaking sludge. The main components of this sludge are fibers

and clay filler material. This sludge is usually disposed of by burying in landfills,

20 landspreading, or incinerating. Some papermaking processes recycle papermaking sludge,
however, this has been found to adversely affect sizing and cause size reversion.

In papermaking, “sizing” refers to the ability of paper or paperboard to resist water

adsorption, water penetration, or both. “Sizing” also refers to sizing materials, sizing

compositions, and sizing additives, such as an alkenyl succinic anhydride‘(ASA} sizing

25  emulsion. When sizing is lost during a papermaking process, or during storage, printing,




25 emul sion. Wien sizing is lost during a papernmaki ng process, or during
storage, printing, 26 May 2006 WD 03/ 048454 PCTI US02/ 37898 26 Mayptéessi ng,
or converting, the loss is referred to as a "size reversion." Size

reversi%dmamﬁccur wi t hout the | oss of sizing mat eriggkgjisgzg%ggct abl es,

hydrol yzed sizing, or both, can mask sizing in the aper board
product without a loss of sizing nmaterial. In sone processes, extractables
in the product pronote the loss of sizing. In processes where papernaking
sl udge is added back into the paperfuaking process, significant anounts of
sizing materials can be |ost and increased size reversion occurs. The

addi t i on P§CeHNg PETOBYRtngdbR lpssiseferddo ssar"sizareveiondessi ng condi ti ons can al so
adversely affect sizing and increase sizing reversion. The addition of
recycl ed sl ud¥fee FY§sipn ey epcHawithoyt thlpss @Esizingynatesial. i Extractables dydrelpeth addi ti ves
or conditions. A need exists for a papernaking process, particularly a
process WHEET FoBei3a Mask§iaing indhepapes of Rapprbeaptprediic] withowea losscf eiziog t hat
mnimzes the | oss of sizing material in the resultant paper or paperboard
product , "REFaln{igRe eSS, @Xtrasipbless inothe PR MRMoBRhT Hiss oRviemE| AN Accor di ng
to a first aspect of the present invention, there is provided an enzynmne-
treated PEOSEFERRETR AP slds d5 added hackdtte thetpapprmakingfprosesssianifiettki ng sl udge

- conbined with an, enzyme conposition. According to a second aspect of the
“present PHOERE! Yrne magsials candbeloshand insteassdhsizensvgision oecpisat ed paper maki ng sl udge
conposi tion conprising from about 50% to about 100% by wei ght paper nmaki ng
sl udge, and f%ﬁqdaﬁaa?dfff%rwdmm@ certain pigeRsHNEZO0Aitigns eaialyh advemsely me

conposi tign, bhased on the dried solids weight of the papernaking sludge and
the enzy#Eect sznened increesm sizing eyereipm gt gddition n?:ewcﬁé pladge ind parnaking s ent
invention, there is provided a nethod of

process often introduces such additives or conditions.
A need exists for a papermaking process, particularly a process wherein papermaking

sludge is recycled in the process, that minimizes the loss of sizing material in the resultant

paper or paperboard product, and minimizes size reversion. - -

SUMMARY OF THE INVENTION

AccordinQ to a first aspect of the present invention, there is provided an enzyme-
treated papermaking studge consisting essentially of a papermaking sludge combined with an
enzyme composition.

According to a second aspect of the present invention, there is provided an enzyme-
treated papermaking sludge composition comprising from about 50% to about 100% by
weight papermaking sludge, and from about 1% by weight to about 50% by weight enzyme
composition, based on the dried solids weight of the papermaking sludge and the enzyme
composition.

According to a third aspect of the present invention, there is provided a method of

making paper or paperboard comprising:




maki ng paper or paperboard conprising: 26 May 2006 - 2a a) conbining at
I east one enzynme conposition and at 'l east one papernaki ng 28IN&ydi060 form
an enzynme-treated sludge; b) conmbing the enzyne-treated sludge with a
papermaking pulp to forma treated pulp; and c) formng the treated pul p
into a paper or paperboard product2aAccording to a fourth aspect of the
present invention, there is provided a paper or paperboard product mde
from the met h)dombintrgent 1&ist ShedmRRES corfRBIAbA il aft Rash ohé bifernAspect of the
present invention, there is provided a nethod of inproving sizing in a
paper orslpigperfhesdknpymeitedied shapRr i si ng: conbi ni ng a paper maki ng sl udge
with an enzyne conposition to forman enzyne-treated sludge; conbining
sai d enzyme- th) eatlsifl tkdalgmewichidd Suddd RethRKpRGaRHE Full © hed Mrautddr eat ed  pul p;
and form ng a paper or paperboard product fromsaid treated pul p, wherein
said prpmipiedd has i nproved sizing conpared to the sizing of an identical
paper or paperboard product but not having the sludge treated wth enzyne
conposi ti on. cfAdeaingittgrdared pulpiinté Hp@pspephpddboatdioducesent invention, there is
provi ded a paper or paperboard product nade froma treated papernmaki ng
pul p, said trAabéigpapEsurhkisiegt of i Pre@aMldnfibRdhdde RGRGdBkI gagerpul p and an
enzyne-treated papernaki ng sludge. 26 May 2006 -2b The present invention
- can pr owir gapesbosrd phuadctadadengismniy: paRwirof ee thiapgpdeear d t hat may incl ude
conbi ning at | east one enzyne conposition and at |east one paper nmaki ng
sl udge to f orAvcording to a fifth aspect of the present invention, there is provided a method

of improving sizing in a paper or paperboard product, comprising:

combining a papermaking sludge with an enzyme composition to form an
enzyme-treated sludge;

combining said enzyme-treated sludge with a papermaking pulp to form a treated

~ pulp; and

forming a paper or paperboard product from said treated pulp, wherein said
product has improved sizing compared to the sizing of an identical paper or paperboard
product but not having the sludge treated with enzyme composition.

According to a sixth aspect of the present invention, there is provided a paper or
paperboard product made from a treated papermaking pulp, said treated papermaking

pulp comprising a papermaking pulp and an enzyme-treated papermaking sludge.




'_the sizing of a paper produc

an enzyrre treated sl udge, and subsequently combi ni ng the enzyrre treated

. sludge with a paperneking pulp. The enzyne conposi tion pr @0dYapPilonas at
| east one of |ipase activity and cellulase activity, and may preferably
have cell ul ase and hem cellul ase activity. The enzyne- treated sludge can
be added at any of several points ¢f®-addition in a papennaking system
including at or prior to the headbox of the system The resulting pulp or
stock, that can incI ude t he enzyrre treated sludge, is subsequently forned

into a sheet ofy nMATNe a 0 aper board duct |s pr oduced.
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Fig. 3 is a graph showi ng the percentage increase in sizin%éin a_paper
product made by a process according to an enbodi nent of tR#&MaedEet
invention wherein |ipase-treated papernaking sludge is incorporated into a
paper maki used to nmake the product; and Fig. 4. is a graph show ng

t he perggg@gggg?ncrease in sizing in a paper product *§E0EI3/8%20 a process
according to an enbodi nent of the present invention wherein |ipase-treated
paper maki ng sludge is incorporated into a papernmaki ng pulp used to make the
product. 26 May 2006 WO 03/ 048454 P@GTI US02/ 37898 -4- DETAI LED DESCRI PTI ON
OF THE PRESENT | NVENTI ON The present invention provides nethods of making
paper or paperBearca. alshbewodden g pipermaking syetk: 3@ Rirrying b@Md Bbve-dedcrib@ast one
enzyme conposition is conbined with at | east one papermnmaking sludge to
form an dpgipde-rapes @t eebehapé makitn gnagdd actgeing He nlei methddh and/seaitethes! udge 5 i's
referred to as an "enzyne-treated sludge." The enzyne-treated sludge is
subsequerf¥ii§™ abftregmetteratad Pedse additivienigr potrmaking mogeaper maki ng system  Her ei n,

t he phrase "papernaki ng pul p* refers to papernmaking pul ps, papernmaking

st ocks, and pHpetorbskndestdod ithat batethe firbgoingreegane descripgivednd the Galigwings pr ef er abl y
added back into or recycled to a papernaking systemfrom which the sludge
was generdspilsd despription are expreplqna prak exaliatagy onlyidgieard anlibistendedat eubvids agener at ed
fromthe 10 sane process to which the enzyne-treated sludge i s added, or
from a diffther @plenayproefdhegresert invention, @t ¢lpimgd. pTHe pecowpanping drawinghevhishzy me- t r eat ed
sludge is then forned into a paper or paperboard product according to the
present AFVERIFCEIR inrang eonstitutel a parbef this aprdicativn dtivstrat: sexeead erdbaigmens of he  pr esent
invention preferably exhibit excellent sizing, sizing retention, and

resi st andlts Rresend jipvsntiop and fogsthnn withirdssoniptidno sbresfto tekqdeip theeintiplenvethe | on can be
practiced on conventional papernmaking 15 machines with nodifications that
can be nitsEeEntipvepiigtyy of the present description. The present invention also
relates to enzyne-treated sludge that is useful as an additive for a
paperlffaki ng process and that preferably inproves sizing, sizing retention,

and resi stance
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the effect that an enzyme-treated sfudge has on the sizing
of a paper product made by a process according to an embodiment of the present invention;
Figure 2 is a graph showing the effect that an enzyme-treated sludge has on the sizing
15  ofapaper product rmade by a process according to an embodiment of the present invention;
Fig. 3 is a graph showing the percentage increase in sizing in a paper product made by
a process according to an embodiment of the present invention wherein lipase-treated
papermaking sludge is incorporated into a papermaking pulp used to make the product; and
Fig.4isa graph. showing the percentage increase in sizing in a paper product made by
20  a process according to an embodiment of the present invention wherein lipase-treated

papermaking sludge is incorporated into a papermaking pulp used to make the product.




'to size reversion in a paper or paperboard product nade accor d| ng to a
process of the present invention which utilizes the enzy 08 sl udge.
The present invention further relates to 20 nethods of rrakl ng such an
enzynme sl udge. The net hods of the present invention can enploy, and
the pr 05}{?‘?@%2? the present invention can contain, KEM/SUP%rent types of
paper maki ng pul p or conbi nati ons thereof. For exarrpl e, the pulp can
conprise virgin and/or recycled pulp, such as virgin sulfite pulp, broke
pul p, hardwood kraft pul p, softwoodd4kraft pulp, m xtures of such pul ps, and
the like. The 26 May 2006 WO 03/ 048454 PCT/ US02/ 37898 -5- addition of
enzyne- t SR FENTION nvention is particularly
wel | -suited for use vvlth | i nerboard pul ps wherein sizing is generally nore
critical thanTiwiprdsentrinmgntion prevides patheds ofimekingamper bogapetbgardodemotding th\ccor di ng to
the present invention, sizing material is preferably added to a 5
paper nmakitieg presthtpinventionype daagt @ik Znzynei wmpositmpds combipaipwittb @@ feest pnoduct nade
fromthe pulp. To, inprove sizing, by retaining sizing material in the
fi ni shed ppzpeaking sludpe pefolno ar azyoreastated papamakirgrsludgeo Heraipiteateddudge ance to si ze
reversion, enzynme-treated sludge is added to the pulp according to the
presert iisrefernitd tons anSerzymgtreaild endgal’ $h dnagmecanteddudae Baabséqoently pdilper maki ng pul p
i nclude, but are not limted 10 to, conventional sizing additives. ASA
Si zi ng enud gapomskisg mipian papeuriaking systpm.dieesir, thel plamsd “papermakimrpulpl eeférhose
enul si ons described, for exanple, in U S. Patent No. 5,962,555, which is
i ncor por a papedmekiag pulpsnpapersialeng stocks, yndopapermbldngefomishesAliat dneymedieatag| ary si zi ng
material that can be used is alkyl ketene dinmer (AKD sizing) and the |ike.
The si zi nlydgedsl iptefereblyaddeddackt mtoror otclpded toiangpeedalingt systéne siogleghich t8¢ zi ng
material, such as, for exanple, surfactants. 15 To size paper using an ASA
si zi ng esiligi v gerelaed eWhiéthar e papermpakeR eshidgrl ty badelael betrened fiohethpaper sheet
form ng step in a papermaki ng process. The sizing enulsion may be added as
10 same process to which the enzyme-treated sludge is added, or from a different process, the

resulting pulp containing the enzyme-treated sludge is then formcd into a paper or paperboard

product according to the present invention. Paper and paperboard products according to the

present invention preferably exhibit excellent sizing, sizing retention, and resistance to size

reversion. The method of the present invention can be practiced on conventional papermaking
15  machines with médiﬁcations that can be made in view of the present description.

The present invention also relates to enzyme-treated sludge that is useful as an additive
for a papermaking process and that preferably improves sizing, sizing retention, and resistance
to size reversion in a paper or paperboard product made according to a process of the present
invention which utilizes the enzyme-treated sludge. The present invention further relates to

20  methods of making such an enzyme-treated sludge.

The methods of the present invention can employ, and the products of the present
invention can contain, many different types of papermaking pulp or combinations thereof. For
example, the pulp can comprise virgin and/or recycled pulp, suc;h as virgin sulfite pulp, broke

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




far back in a papernmaking process as the thick stock, but is preferably
~added just before the headbox of a papenmeki ng machi ne. AZOiMax&n in the
art, a sizing emrmul sion should be added in such a way to insure proper
distri bwd'ogﬁ“o% the fibers. To insure proper distribution, the 20 sizing
emul si o Can*P¥rierably be diluted to from about 1% tESTASMA8%80s sol i ds,
based on the dried solids weight of the emul sion, then added before the
screens or fan punp just prior to the pulp slurry entering the head box.

O her anobunts can be used. This dil#tion, followed by dispersion by the
screens and/or fan punp, aids in distributing the sizing emulsion to

achi eve additibrosfiehzymgtrear@iLiludgsncaadidghetht pleehsinvedfonVpartid DIaH, WMDs0id 048454

PCT/ US02/ 37898 -6- Ot her sizing additives, exenplary sizing materi al

chemi st r yfor @ewvith tligerbdardspulis mderaid dizing seRnerdllyznongcritidsl ithah weth infagly @hldrent s, si zi ng
reactions with cellul ose, and nethods of adding sizing additives, that are
sui t abl e paper brairpapabaatdpesiug@aper maki ng pul p useful in accordance with the
present invention, are described in U S. Patent No. 5,962,555 which is

i ncor por at ed Aeweding td thenptetest rentiogt sfzilyy nmaetiglr Bnpreferablg caddai wgat 0 t he
present invention, an enzynme-treated sludge is added to a sized

paper naki pagerpaking pulp to hgpreve siziag inla@gsi orpaperbofrd prodicnaiaderf@mald pulpn Tof  Si zi ng
material, and resistance +to size reversion. Preferably, the enzynme-treated
sl udge campioed siziresyentinak kiyinghataiapia the finkked paper lpegbeheard pdden aieivor y me

- conposition. According to an enbodi nent of the present invention, the 10
enzymne- t rie atipeale sésisthae te sive eardion] anzinearoaad sludge Tfddddao b pulp actOdig by wei ght
paper maki ng sludge and from about 1% by wei ght to about 50% by wei ght
enzyne canthegpiedendnventimsed on the dried solids weight of the papernaking

sl udge and the enzyne conposition. The papernmaking sludge that is treated
to formthe eSizipgmaterigathadarsbettddrd 04 pdpbthaking g includey Buttate@bt finiigd be any of
vari ous sludges generated in a papernaki ng process. The sludge can incl ude,
15 but0 i So,reokvehtionaltstrihgt additiaemPEAisizing Rmulsiond ark PhrichiRN @refiredrandecah ypes of
fibers of one or nore wood

: include those emulsions described, for example, in U.S. Patent No. 5,962,555, which is

incorporated herein in its entirety by reference. Another exemplary sizing material that can be
used is alkyl ketene dimer (AKD sizing) and the like. The sizing additive can contain other
ingredients besides a sizing material, such as, for example, surfactants,

15 To size péper using an ASA sizing emulsion, the emulsion is preferably added before
the paper sheet forming step in a papermaking process. The sizing emulsion may be added as
far back in a papermaking process as the thick stock, but is preferably added just before the
headbox of a papermaking machine. As is known in the art, a sizing emulsion should be added
in such a way to insure proper distribution on the fibers. To insure proper distribution, the

20  sizing emulsion can preferably be diluted to from about 1% to about 3% solids, based on the
dried solids weight of the emulsion, then added before the screens or fan pump just prior to the
pulp slurry entering the head box. Other amounts can be used. This dilution, followed by
dispersion by the screens and/or fan pump, aids in distributing the sizing emulsion to achieve

vniform distribution on the fibers.




types. The sludge can contain fibers of one or nore | engths, .including
fines. Other materials that can be included in papermaki ngoNEiYe&S as
defined herein include, but are not |limted to, ASA sizing nmaterials,
hydrol yzed sizing materials, polyners useful for flocculatin% and/ or
coagul aoPd¥& pul p or sludge, polynmers useful as r BEEHEP6798i ds,
stickies, glues, inks, fillers, 20 other inpurities fromrecycled paper,
def oaners, and surfactants. Papermaki ng sl udges, nethods of recovering
paper maki ng sl udges, and net hods of-s-recycling papernaki ng sl udges are
described, for exanple, in U S. Patent Nos. 6,120,648; 5,762, 756;
5,527,432, 5, O#er Siting aaditved, SL@platd Gizigamlatedl ohbrhisdy, iatolidC of Bigin@t ed herein
inits entirety by reference. According to an enbodi nent of the present

i nvent i oraddifivesdgiing additikifgiedidits Miing 202 6on¥\ith 2410684 3l Mo SOA084898 - 7- out
of the white water silo of a papermaking systemin a clarifier assisted by

the use ofzimgiaddiiies, tar arel atblp| RS szed fdpermaRihpulp Ssefubi 96drdhdet GitBhout t he
papermaking mll while the sludge is added to the pul per at rates of from

about 5 phipiesat trvertibaute d2QAbad MMYSPaRArNG. 0961555 whth & indlpbia@d Riip based on
the dried solids weight of the sludge and pulp, nore preferably, 5 from
about 520 ipidsndstybe fefdrate.t 0 about 100 pounds per ton. The enzyne conposition
used .for treating the sludge may contain any conventional papernaking

pul p-treati ngAaotdingeto tieengrysene, indehtionpire émyAdirgated Gludg 13 added Qo ahwaked has
cellulytic activity, such as a cellulase enzyne. O her conmponents can be

‘present gapemaking dslp tdiapevod hast omwTPRRE MthtitiDofi3RIng AREALL a€leMistalcé ect  t he
activity of the enzyme conposition. Preferably, the enzyne conposition
exhi bi t s thsitdreveRione Plefekaply] the enaghdyaated Slidgs botisists esa€ntibIWi of ¥ papditRkigs 2y me
~conposition may preferably contain |lipase. Suitable enzynes and

enzyne- CGlhutlg and ffeng@Er0mbdsition Actdidihgtd @n el imetas G pRasdt ihenddnShe Pat ent No.
5,356,800 to Jaquess, U.S. Patent Application No. 09/031,830 filed February

27, 1099 &nzymedredtedk shidaatdnQbithin Mokl sbed50% Mo Msdut WHVOS/ 8 Paperdlaking Ncor por at ed
herein in their entireties by reference. O her exenplary paper making
pul p-tr eahﬂg&gln@ A3y aBsut 1% B weight (dsbottFO% by weight enzyme composition, based on
the dried solids weight of the papermaking sludge and the enzyme composition. The
-papermaking sludge that is treated to form the enzyme-tr;aated sludge of the present invention -
can be any of various sludges generated in a papermaking process. The sludge can include,
15  butis not limited fo, compositions containing one or more types of fibers of one or more wood
types. The sludge can contain fibers of one or more lengths, including fines. Other materials
that can be included in papermaking sludges as defined herein include, but are not limited to,
- ASA sizing materials, hydrolyzed sizing materials, polymers useful for flocculating and/or
coagulating the pulp or sludge, polymers useful as retention aids, stickies, glues, inks, fillers,
20  other impurities from recycled paper, defoamers, and surfactants.
Papermaking sludges, methods of recovering papermaking sludges, and methods of
recycling papermaking sludges are described, for example, in U.S. Patent Nos. 6,120,648;
5,762,756; 5,527,432; 5,240,565; and 4,356,060; each of which is incorporated herein in its

entirety by rcf_erence. According to an embodiment of the present invention, sludge is taken




15 according to the present invention to treat the sludge are BUZYMEP 2523
and BUZYME" 2524 enzyme conpositions, both avail abl e from2BdM&mMHRO
Laboratories International, Inc., Menphis, Tennessee. The enzyne
conpositjon preferably contains fromabout 1% to about 30% by wei ght
enzyne h’ 503'35)86"?14 the dried solids weight of the conpo?i‘:frﬂ@?ﬁmﬁ’ére
preferably, from about 5% 20 to about 20% by wei ght enzyne. These anounts
can vary and can be bel ow or above the ranges provi ded dependi ng upon the
specific enzynes used. Generally, esfzynmes are fornulated based on their
activity. The preferred enzyne conposition can further contain

pol yet hyl @nef i widtelwatehsiboyof e pspegraliapiysterp o yslarifigl B3istedyi tibaReof singler ahydr of ur yl
al cohol, glycerine, water, and other conventional enzynme conposition

addi t i vesoraigal gelsmers. b &l witoris exadrhraaghounth fapbigkizOMal W@ t3H 481854

PCTI US02/ 37898 U.S. Patent No. 5, 356,800. A preferred enzyne conposition
cont ai ns sldute 65 plipgl o caes ofefrénCABht 56pdBiadsSio Fibéut 20K poudds peataudf 20 %

Savi nase 16. 0E (protease enzyne from NOVO Nordi sk), about 14 % water (CAS
7732- 18- Shpermakihggiotpuiased ofrottie\driedddiidy Wéight o6 the blydek ayd pus, et mefersblpf nol ecul ar
5 weight of about 9,700), all based on the total weight % of the enzyne
conposi t i foom abdui @0 peemdypeetheronabait H10pyunds powp.0 STHei @Bymiks edmylosia@c agedi Ng to t he
present invention contains about 30 % water (CAS 7732-18-5), about 30 %
pr opyl endoglirgating tie10@1geoniay 2conteincqmy | coment@EnycpaperfidiGg palparedting Qetie Cel | ul ase
50000 (cellulase for paper/pul p. uses), about 16% additional water and

i nert i ngnzxiecht prefesably cainaiug orib4Rét bds celluDhBativity, KA & arcpibilgaeizymia 10 _

| ow- medi um nol ecul ar wei ght cationic pol yam ne conpri sing epichl orohydrin
and di medthey kanponantsioan bspresenttal donf ar theso bther companents dd ndd hezatpelyyaifest
cross-linked wwth ethylenediamne), all based on the total weight % of the
enzynme cdmp@svityi efrthe diagme cmpostianoRefambly) the etgine eamiosition adhititeasth one
esterase or |ipase, or both, and preferably contains a high concentration
of estler asléilytinaliddemicellupéis activifynEhel ehzyas eommsitifrangeidfarshlly cdfitain lipase.

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 99/43780, al_l incorporated herein in their

entireties by reference. Other exemplary paper making pulp-treating enzymes that can be used

15  according to the ﬁresent invention to treat the sludge are BUZYME™ 2523 and BUZYME™

2524 enzyme compositions, both available from Buckman Laboratories International, Inc.,
Memphis, Tennessee.

The enzyme composition preferably contains from about 1% to about 30% by weight

enzyme based on the dried solids weight of the compaosition, more preferably, from about 5%

20 to about 20% by weight enzyme. These amounts can vary and can be below or abové the

ranges provided depending upon the specific enzymes used. Generally, enzymes are

formulated based on their activity. The preferred enzyme composition can further contain

polyethylene glycol, hexylene glycol, polyvinylpyrrolidone, tetrahydrofuryl alcohol, glycerine,

water, and other conventional enzyme composition additives as described, for example, in




15 isolated from pancreatic sources (e.g., pancreatic |ipase) or from
~various fungi and/or bacteria, and/or other nicroorgani sns.26Bdan0ds

i nclude, but are not limted to, triacylglycerol acyl hydrolase, and
triacyl _qglycerol |ipase. Al so, any |lipase or esterase capabl e of
hydr ol y¥OHG%4%24 gl ycerides to glycerol and fatty aci @6TUERAHS used.
Comrercially avail able products containing esterase or |ipase can be used.
For instance, Buzyne(r) 2515 and Buzyme(r) 2517 20 can be used and are
avai l abl e from Buckman Laboratories-%nternational, Inc., Menphis,
Tennessee. Products containing suitable enzynes, such as Resi nase A2X,
Novocor ADE; Patethe: $3%4:808. Li pase 250, Lipase 0-1000, Greasex 50L, and
Greasex 1001, can be used in the nethods of the present invention. Such
products are Avasferess cezyme eomposition coniaintabout4b % plwedess(CASS S62ReRdr and Novo
Nor di sk. The esterase or |ipase described in U S. Patent Nos. 26 May 2006
WO 03/ 048254 IPGhruscH 24 Spgne: LodL (o687 erFRe fond NO\EBBloBIBKY), dant eHused in the
present invention and these patents are incorporated in their entirety
al ong wi t WMatetfGAS 7 Tidr! 815k taachabsutolr % BYB1K 18 £10D 3 polyminytpiyoelionei of mblegubar
application, by reference herein. The enzyme or |ipase can generally be
used i awsish efrahqut 7R all hased oncfbe tekalvesight %6 of thodrizyind compesitien.ef er abl y, t he
anmount of esterase or |ipase used in the nethods 5 of the present invention
i s an anpunt At grefiired eazymeptompesition ey actanding e the epresent iiryentiof  si zi ng
materials, and/or inprove resistance to size reversion. Preferred anounts
of est er #oBlaigh arodt 30 14 yater(CASeT782-bhi)attout 300%0p8pyidpes elyead (HBSatl,24. 0 | bs. per
ton of sludge based on the dried solids weight of the sludge, nore
pr ef er abl KromyleanOben GASD abaut BB & Eeltulyseadff (celluBispon papsr/pilpruseshrapovaind  nost
preferably from about 0.05 pound to about 0.5 pound per ton of sludge based
on the dr%@tﬂdd‘@o@bﬁfﬁtﬂQﬂd/mfglngwiﬁltstﬂﬂéa@hﬁjdﬁeqf aDMA-EBHEDApobimet (1 i pase
conpositions are preferably stabilized conpositions using the fornulations
descr ibedoyediug, mpjgedsit wRisht cBiopis6 pagdringn doBprik8@, 2@ichlorohyfirinc landir e
incorporated herein in their entireties by reference. In another preferred
enbodi merfimehylatine wpitss dmt thenfaemt pHre  watee-salvhiy nphoenposssdinked  with

ethylenediamine), all based on the total weight % of the enzyme composition.
The enzyme composition can contain at least one esterase or lipase, or both, and-
preferably contains a high concentration of esterase and/or lipase. The lipase éan be derived or
15 isolated from pancreatic sources (e.g., pancreatic lipase) or from various fungi and/or bacteria,
and/or other microorganisms. Examples include, but are not limited to, triacylglycerol
acylhydrolase, and triacyl glycerol lipase. Also, any lipase or esterase capable of hydrolyzing
triglycerides to glycerol and fatty aci.ds can be used. Commercially available products
containing esterase or lipase can be used. For instance, Buzyme® 2515 and Buzyme® 2517
20  can be used and are available from chkman Laboratories International, Inc., Memphis,
Tennessee. Products containing suitable enzymes, such as Resinase A2X, Novocor ADL,
Pancreatic Lipase 250, Lipase G-1000, Greasex 50L, and Greasex 100L, can be used in the
methods of the present invention. Such products are available from such commercial sources

as Genencor and Novo Nordisk. The esterase or lipase described in U.S. Patent Nos.




contains at | east one polyanm de oligoner and at | east one enzyne. The
~polyamide is present in 15 an anount effective to stabili 26 N#e2@ezyne.
Exenpl ary enzyme conpositions containing polyan de oligonmers and enzynes
are des roi ﬁ@d in International Published Application No. WD 99/43780,

whi ch i ¥9 %08 orated herein inits entirety by ref ePERUE3R%80rding to the
present invention, the enzynme conposition can include a conbination of two
or nore different enzymes. The enzynme conposition can include, for 20
exanpl e, a conbination of a |lipase &d a cellul ase, and optionally can
include a stabilizing agent. The stabilizing agent may be a pol yam de

ol i goner .5,50(852 kad/ 93560300 qan dicewsablny tigc preteot indajoradad tHeee pegnesr maki ng sl udge;
to reduce waste water solids; to reduce Biol ogical Oxygen Demand (BQOD);
and t o r eckegeraildamibeiakntidty geny witbeamp odier(BEMF or fubifadomalmentiontdin thimzyme acts to
reduce stickies, surfactants, contam nants, 26 May 2006 WD 03/ 048454

PCT/ US02/pm88@n; tyGeferticn bsgin. dfhe emmme o lipase canganearatly bdweedsih adermanah i n

whi tewat er and recycl ed papers used for making sized paper pulp and

 paper boarad ligwid thore bssolid foen. aPrefenably, dlfc aswastvE eseong@ dipisk osd indhdxeetbmdded to  a
paper maki ng sl udge in accordance with the present invention is an anount

ef f ectd veofths presempimeantionsis an angpuntisufficiont @ imptoeatiziny ingirovs retantin ofsiziegi al , and/ or

i nprove resistance to size 5 reversion. For exanple, the enzyne nmay be
added t o matmials] andigeimprovareyistante toriize revacsiona refepred anoul® 0F6sErsevsidpht enzyne or
| ess than 1% to 10 % or nore by weight enzyme, with preferred ranges being
i N an andipsse acf o abowtPO tbs.0o 6iIRD04.9dbs.peatvo uf slklgd B3ed dmythenried ndlidenzyne based
on the dried solids weight of the sludge, nore preferably from about 0.001%
t 0 about v@ighO@lhe shylgenmpng nteferably drommbet P.0& pamdivl about 2.0 prwabopet t06,.3905% t o about
0. 05% by weight. 10 The enzyne-treated sludge can generally be added at any
| ocat i on nufst préferatpafoee abakiodg poypd eeabas 015 pound pefierdibibdee basedmbdisxdiripd i or to t he
headbox i n a papernmaki ng system Preferably, the enzynme-treated sludge is
addediOpr isdids wgighthef thvhsludeeaTler essiabeognd riipzse com@bidom akeyprefprably stattilived he

compositions using the formulations described in U.S. Patent Nos. 5,356,800 and 5,780,283,
‘which are incorporated herein in their entireties by reference. -
In another preferred embodiment of the present invention, the enzyme composition
contains at least one polyamide oligomer and at least one enzyme. The polyamide is present in
15  an amount effcct-ive to stabilize the enzyme. Exemplary enzyme compositions containing
polyamide oligomers and enzymes are described in International Published Application No.
WO 99/43780, which is incorporated herein in its entirety by reference.
According to the present invention, the enzyme composition can include a
combination of two or more different enzymes. The enzyme composition can include, for
20 example, a combination of a lipase and a cellulase, and optionally can include a stabilizing
agent. The stabilizing agent may be a polyamide oligomer.
The enzyme may preferably act to: degrade the papermaking sludge; to reduce waste
water solids; to reduce 'Biolbgical Oxygen Demand (BOD); and to reduce Chemical Oxygen

Demand {(COD). Preferably, the enzyme acts to reduce stickies, surfactants, contaminants,




machi ne chest, and even nore preferably, prior to the blend chest.
Preferably, the enzyne treated sludge is added prior to tR3& May&i06ref i ner
in a papermaki ng process, which is generally 15 |located before the bl end
chest. After conbining the papernmaking pulp with the enzyne-treated sl udge,
the resHAP$P*4 reated pulp or stock can then be pr oé’E?@%@’Wsa

conventi onal papernmaki ng machi ne using conventional papernaki ng

techni ques. Cationic starch nay be added to the pulp or treated pulp of the
present invention to 20 forma stargh-treated pulp. Starch nay be added at
one or nore points along the flow of paper making pulp through the

paper naki firgs, appPaicdlcWiashdn the ¥BIRInO In WHiewRiraseREycled HBrs ueA formiking i Nst ance,
cationic starch can be added to a pulp or stock at about the sane tine that
the enzysied paperefufptind pagetiirard wodackelEtle hrovht o efdiing coMpoSifiddak be alid@l teat i oni ¢
starch can alternatively or additionally be added to the treated pulp

af t er thea pupkrmakisg flidgstin sde@ainedl wanh tile fa@bh ifveRios RZ y BmaRtefR6tiRy 2006 WO

03/ 048454 PCT/ US02/ 37898 -11- cationic polyner. Preferred cationic starches
i ncl ude, ipiova sieing OlinploveTrdtedtort Of siping adarisl] andon d@prove akidtarik a6 Ghes, and ot her
wet - end starches, or conbinations thereof. Conventional amounts of starch

can be adewetsidno Férleeaniply, fhe anzyié makbe added exMeFIldE h anfamonnt, sweh asipas ch that can
be used according to the present invention is fromabout 5 to about 5 25

pounds PpeiNi%dy weibtetzymio of lees thini 1061toSI01% cksmoe byowéigtd Enziyhe wathIpRefédted St ock. | n
addition to or in place of the starch, a mcroparticle additive may be

added t o rhdges beg lipanainotd Bf frénebotlt0.0000% tdbofr 10006% By wiight chiydeGmRd ti cl e
additive can nodify the charge of the pulp, or nodify the charge of a

conponentonate dribesofidsl weightldTeheriudge) pofetprefdradlyarrbeh dbbut ©.00 B0 td@out D000% exanpl e, a
charging or nodifying agent, a filler, a coagulating agent, and/or a
r et ent i orbyaielght, 4 mbR@refrablydar dbbwt 090 iabouy @056 By aGgen@ nNatural or synthetic
hectorite, bentonite, zeolite, alumna sol, or any of conventional
partiwul at e atieiehiyweSredAd shiige daf @sterallPod ddgdat Sl iidchtRd of the bdpemikihg
process but preferably is added prior to the headbox in a papermaking system. Preferably, the
enzyme-treated sludge is added prior to the whitewater silo, more preferably, prior to the
machine chest, and even more preferably, prior to the blend chest. Preferably, the enzyme-
treated sludge is added prior to the first refiner in a papermaking process, which is generally
15  located before the blend chest.
After combining the papermaking pulp with the enzyme-treated sludge, the resulting
treated pulp or stock can then be processed by a conventional papermaking machine using
conventional papermaking techniques.
Cationic starch may be added to the pulp or treated pulp of the present invention to-
20  form a starch-treated pulp. Starch may be added at one or more points along the flow of paper
making pulp through the papermaking apparatus or system of the present invention. For
instance, cationic starch can be added to a pulp or stock at about the same time that the

enzyme-treated sludge is added to the pulp or stock. The cationic starch can alternatively or

additionally be added to the treated pulp after the pulp is first treated with both the enzyme and




A biocide may be added to the pulp or stock before or after the addition of
~the enzynme- treated sludge. For exanple, a biocide may be Zédday 26t he
treated pulp or stock in a blend chest after the pul p has been treated
with the en -treated sludge. Biocides useful in the 15 paper making

pul ps a@é’o@@ﬁg“ to the present invention include bi oé?ca'@“ﬁ@é% known to
those skilled in the art, for exanple, BUSANTM 1130, available from
Buckman Laboratories International, Inc., Menphis, Tennessee. In the

nmet hods of the, present invention, -ét- | east one polynmer can al so be added
to pre- treat the sludge prior to introduction of the sludge to a

paper makiatenuylofymerit Préfereed teationie sppohesrimtude, b0t annt lismitaidegbtatcogpedhber Wit h t he
enzyme conposition at about the sane tinme. Alternatively or additionally,
one or nows spochgsnad stherawet-bd sactbacbr baitdiagonsthedt er t he i ntroducti on of the
enzynme conposition. For instance, the polyner(s) can be added one hour or
| ess bef ore ofomvtrtional ammintsoufsatch @i bef addéeto ez pule orcdstRO Sint dxenplirg t he sl udge.
Preferably, if a polymer is added to the sludge, the polyner is a

wat er - solanfoling opsdrghntbat camigt usasl ac@rdingpo dié resdnt yveatiawit franiaubioabeus ol ubl e 26
May 2006 WO 03/048454 PCT/ US02/ 37898 -12- pol yner. Exanples of such

pol ynmer s A5mpodrdgiger tob basedamehertvibd dolids weintit dfche pulp pr sdek.or ohydr i n\ di net hyl am ne
pol ymers (EPI-DMA) and cross-linked solutions thereof, polydiallyl

di met hyl anmohiadéiiait or inddac¢ DINBMAGEYL, a DABMAGICRGLdIemayd: adedkother s, i onene
polyners, and the like. The polyner, if used in the nmethods of the present
i nvent i orpplpEt gwrimpdunirgealk prevesan Fhemproparticknaldiivedas habifythe chagdesfthe r anges of
fromabout 0.1 pound to about 15 pounds per ton of sludge based on the
dri ed solpulsorweidghthe dfarge lofa impdiget of tiepelppThe nderagaltigle afldibmcabi@yfor 0. 25 pound
to about 10 pounds per ton of sludge based on the dried solids weight of
t he sl udgssmphnd chaging @medsyiaddgyntfa Hifer, alvoagulafinggennthnii/or afeetkionaidpounds per
ton of sludge based on the dried solids weight of the sludge. 10 The
enzyn® c il oddirdpadicle additive adrste aopturab oradyhtletic Gedtaite) batdnie, zedivy slithinonal paper

sol, or any of conventional particulate additives as are known to those skilled in the art.

A biocide may bg added to the pulp or stock before or after the addition of the enzyme-
treated sludge. For example, a biocide may be added to the treated pulp or stock in a blend
chest after the pulp has been treated with the enzyme-treatéd sludge. Biocides useful in the

15  paper making pulbs according to the present invention include biocides well known to those
skilled in the art, for example, BUSAN™ 1130, available from Buckman Laboratories
International, Inc., Memphis, Tennessee. |
In the methods of the present invention, at least one polymer can also be added to pre-
treat the sludge prior to introduction of the sludge to a papermaking pulp. At least one polymer
20  can be added together with the enzyme composition at about the same time. Alternatively or
additionally, one or more polymers can be added before or after the introduction of the enzyme
composition. For instance, the polymer(s) can be added one hour or less before or after
infroduction of the enzyme composition to the sludge. Preferably, if a polymer is added to the

sludge, the polyrrier is a water-soluble polymer and is more preferably a cationic water-soluble




treatnment chem cals or ingredients such as, but not limted to,
- surfactants, solvents, suspension aids, clays or other fiRp&ay2@el ants,
preservatives, buffers, water, stabilizers, polymers such as cationic,
ani oni cW and non-ionic polymers, dyes, pignents, defoaners, pH adjusting
agents YOPM#4Y 3l um and other conventional paper rrall’FF@S‘Bf”g&per
processing additives. These 15 additional ingredients can be present in any
conbi nati on and can be used in conventional anounts. Generally, the enzyne
conposition is introduced or broughiZ-into contact with the sludge in any
fashi on. The enzyne conpositions can be introduced to the sludge during
dewat er i reglymer.f odamglenidgé frcbm mlypaper imolkdeng bay stremmr  difnftad  f@r mat i on
and/or collection of 20 the sludge. The contact tinme of the enzyne
conposi t i withipiohydrinimethyiadpe pelymers AEPFRMA) abd \erdselinkadusolaiore thereBf, ef er abl y,
the contact tinme should be sufficient to inprove sizing of a resultant
paper or Rokypiedystimathyp pootosum ciorale DAPMAC) BaDdOA/aelantidens@pdlgndig, om about 1
mn. to about 8 hours, nore preferably fromabout 15 mn. to about 4
hour s, ariehenppalymerse frshthdblily. The polyabroif used 30 therinrethodsaf dle presenlinkeatios. 26 May
2006 WD 03/048454 PCT/ US02/ 37898 -13- The enzyme conposition can be
i nt r odfuc evdn b usert wrhamdunitapd prefatably in deisdgh ranpes of frordl gieued.] pousd gbduer i nj ect i on
point or at various injection points, or by pouring the enzyne conposition
“into the 1SIpowge perden ¢fysludgsi basgd pe the ldpedodolidsbeght off thelslydge mokd mefbrablgnzymes. The
introduction of the enzynme conposition can be imedi ate, slowrelease,
t i med- r elfemsbouti026 eeund tq abott 10 pevddsorer &n obsiddge besedson thendriadlshiids vagight mor e t han
one type of enzyne conposition can be used, mxtures can be used, or any
ot her varof teistydge. and man prefasblafrom ebst 1 pmerdae bioul ipmndsrpet fopatdudgazyme i s
introduced in sonme fashion in order to inprove sizing. In the nethods of
t he presdpsed pmihednied oolids weight pftirsbdsment s in sizing can be incorporated into
any papermaeki ng operation. Typically, the remai ning aspects of the

10 The enzyme compositions can also optionally contain other conventional paper

treatment chemicals or ingredients such as, but not limited to, surfactants, solvents, suspension
aids, clays or other fillers, chelants, preservatives, buffers, water, stabilizers, polymers such as
caﬁonic,_ anionic, and non-ionic polymers, dyes, pigments, defoamers, pH adjusting agents
such as alum, and other conventional papermaking or paper processing additives. These
15  additional ingrediénts can be present in any combination and can be used in conventional

amounts.

Generally, the enzyme composition is introduced or brought into contact with the

sludge in any fashion. The enzyme compositions can be introduced to the sludge during

dewatering to form sludge from a papermaking system or after formation and/or collection of

20  the sludge. The contact time of the enzyme composition with the sludge should preferably be
maximized. Preferably, the contact time should be sufficient to improve sizing of a resuftant
paper or paperboard product. Preferably, the contact time is from about 1 min. to about 8
hours, more preferably from about 15 min. to about 4 hours, and most preferably from about

30 min. to about 2 hours.




10 papermaki ng operation can be those known to those skilled in the art and
can be used in order to form paper and paperboard product s26Mays2606
conventional additive materials used with papernmaking pul ps during

prepar alion of 4puI p can be used as well in the present invention.

cont i nud@I*t¥4on- cont i nuous paper meki ng machi nes caRCTNERFWRvert aqueous
suspensions of fibers and other ingredients into dry sheets of paper or
paper board using such 15 conventionally known operations which invol ve
Fourdrini er machines or cylinder mathi nes or other papermaking devices.
Subsequent treatnents of the sheets of paper to achieve the desired

char act eri st i €k ewrpie compositiortriambe iowddeced or browghtainid tamaciodthtthastpdgdata he
papersheets and the |like can also be used in the present invention. Enzyne
act i vi t i engulronisgiion poines at vanals injettion wints ot bygqrukngeheckmsyarel dompbsition mor e det ai |
in 20 U S. Provisional Patent Application No. 60/211,942, filed June 16,
2000, andnte titeistullgeglor by MEngvepidpablo ba@s of drp lor QuigleniymeCoih andduatiohofthe Fi bers, "
which is incorporated herein in its entirety by reference. Wile not

wi shi ng teozyme doopesdionycamrbg imediaty,, slpw-rdleseh dilnedreleebet nagmittbre, argdfof ect on
sizing achieved fromtreating the sludge with enzyne before adding the
treat &d cottigdeps. Inadditiqnapere trarkina gypp plromars: comprsitibi @in be wed, otvgurescanor e of t he
follow ng enzynme-pronoted 26 May 2006 WO 03/ 048454 PCT/ US02/ 37898 - 14-
events: %&yseﬁmu pify athet Yaoiefions asfliniy @s at deastwnt wHdase amlipase ielmyme wankttogyced 2)

modi fi cation of stickies and other inpurities in the sludge, (3)

nodi f i catin symedfshipnid oeslenty mpraye siginmnd si ze-fi ber bondi ng and adsorption, (4)
degradation and refining of fines, and (5) nodification of surfactants.

Havi ng gener alnl e duesthods 98 dhet hresept dnyention,i the eimprovementa i usiziipecarubeler st andi ng
can be 5 obtained by reference to the follow ng specific exanples, which
ar e pr oviintegored aite afip papemzkip Speratish. | Tynistly, abé camamitigyaspmd afr the not i nt ended
tolimt the present invention. Exanples The effect that activated
paperlffakipepgrmsdking geerdtian cap he thogsdkpern te twedt skijledplulstarhaadcah bs tsedlin order

to form paper and paperboard products. Thus, conventional additive materials used with
papermaking pulps during preparation of pulp can be used as well in the present invention.
Continuous or non-continuous papermaking machines can then convert aqueous suspensions
of fibers and. other ingredients into dry sheets of paper or paperboard using such
15  conventionally knbwn operations which involve Fourdrinier machines or cylinder machines or
other papermaking devices. Subsequent treatments of the sheets of paper to achieve the
desired characteristics such as machine calendering and/oir coating of the papersheets and the

like can also be used in tﬁe present invention.
Enzyme activities, formulations, and modes of action are described in more detail in
20 U.S. Provisional Patent Application No. 60/211,942, filed June 16, 2000, and entitled
| “Methods to Control Organic Contaminants in Fibers,” which is incorporated herein in its
entirety by reference. While not wishing to be bound by any theory, it is believed that the
effect on sizing achieved from treating the sludge with enzyme before adding the treated

sludge in a papermaking process, results from one or more of the following enzyme-promoted




10 A papermaking m Il that recycl es papermneki ng sludge by adding it back
into a papernaking process was used in the investigation. 4960t

paper maki ng stock fromthe mll, papermaking sludge fromthe mll, and

whi tevvawos[ﬂrsqgthe mll were collected for the purpose of formng

handshe& s R4t coul d be created in a fashion sim | aPEE¥ % anner in

whi ch machine board is created in the mll. Handsheets were forned using

t he papermaki ng 15 stock with and w t hout the papernmaki ng sl udge bei ng
added to the stock. The handsheets-Were created in accordance w th TAPPI
standards. Exanple 1 Four sets of handsheets were created. One set was
creat ed ocwents{1)tpedifigation ofriiker sepctues ard sk waklsel (2 oredificationl ofickiescapd| ed or added
paper maki ng sl udge. One of the sets of handsheets was created from pulp

t hat contatienibutitiee inghpeudgakimepdificaior obindrobizedsine aBlsizgdiberdonding 000 pounds,
respectively, of the papernmeking sludge (untreated), based on the dried

sol i ds weadgpmition, &) degmalatinmgndkretimieg of Feesgind (hymodifgabornd surfetantof  handsheet s was
created from papernaki ng pul p that contained the paper naking stock and

ei ther 50 pouHeMngogenargly drseiers the rpsesone dnventiohyya figther2@distgnding0en WO 03/ 048454
PCT/ US02/ 37898 -15- alumtreated sludge per ton of papernaking stock, based
on t he drablated by ireiesengieitq e Totfowingespeoificopamples whivh asd prdyjded hEtein fkum t r eat ed
sl udge contai ned 20 pounds of alum solution per ton of sludge, based on

t he dri eduspics efdllugegtighenlydnd prgaotdntendeptto Himig thelpeesansiovantionon. The fourth set of
handsheets was created from paper maki ng pul p contai ning the papermaki ng
stock and either 5 50 pounds or 100 pounds, respectively, of enzyne-treated
sl udge, based on the dried solids weight of the stock and the
enzyme- t (kxamplés s| udge. The enzyne-treated sludge consisted of the

paper maki ng sl udge treated with one pound of enzyne solution per ton of

sl udge, basedThyreftect fhat agtivated papstmialling sludeg hes cofa papee sheef pyadect sves @stedon and t he

sl udge. The enzyne sol uti on was BUZYMETM 2524, avail abl e from Bucknan
Labor ¥t or eapermakieg midkthas meghcles |pppermakipg nﬁg&ge@y adding it back into a papermaking

process was used in the investigation. Samples of papermaking stock from the mill,
papermaking sludge from the mill, and whitewater from the mill were collected for the
purpose of forming handsheets that could be created in a fashion similar to the manner in
which machine board is created in the mill. Handsheets were formed using the papermaking
15  stock with and wifhout the papermaking sludge being added to the stock. The handsheets were

created in accordance with TAPPI standards.

Example 1

Four sets of handsheets were created. One set was created out of the papermaking

20  stock and contained no recycled or added papermaking sludge. One of the sets of handsheets
was created from pulp that contained the papermaking stock and either 50 pounds or 100
pounds, respectively, of the papermaking sludge (untreated), based on the dried solids weight

of the stock and the sludge. Another set of handsheets was created from papermaking pulp

 that contained the paper making stock and either 50 pounds or 100 pounds, respéctivcly, of




10 Tennessee, and contai ned about 1Q0% by wei ght cellul ase enzyne (Cell ul ase
50000). The enzyne-treated sludge al so contai ned 20 pound@ﬁ&ﬁa}a?((‘%
solution per ton of paper making stock based on the dried solids weight of
the alu S‘ﬁJ fLon. and the paper nmaking stock. The effect that the addition
of sl udg)é) 3@84%% the sheets was tested using the boat CTH&YX3¥S according to
a method simlar to that used in the mll. The handsheets were tested in
15 a hot water bath having a tenperature of about 40C. Testing showed t hat
t he sheets having no sludge |asted i ce as long (wth an average |ife span
of 1 hour and 15 mnutes) as the sheets treated with raw sludge, which
| ast ed ordlym-tidatedtsh@ge por mont of papeiinking hieelt, daskedhah tieaifitdbdtiddweight of theeat ed sl udge
showed about a 10% increased |ife span relative to simlar sheets
cont ai ni retpck el thnsludgat Elgt abimigkged siitpeeontained 2b eombieetalimcsohatian pei o t he 20
enzyne-treated sludge showed about a 30%increase in life span conpared to
t he sheetd slodget msadion ghetdned slidswcighedttedludiemnid elumFalbica. Thdfehrdwsetsiiows t he t est
results achieved fromthe 50 pound per ton additions of treated and
unt r eat echandshediyavas Aedtediising hepermaking whlp @dtamolgiticbspaperialiity stoblasdctitisen t he dri ed
solids weight of the stock. 26 May 2006 WD 03/048454 PCTI US02/ 37898 - 16
Tabl e 3 Sémpirels buhidegourkispraspectiedly, SF erdgree-eaed ntudgef baStdzennthe {rikid nelids econds)
(pounds per ton of stock) (pounds per ton of stock) | and 2 0 0 20 3 and 4
0 7 4, 500veight efitte 8o aid thg cOYBe-rdted sbidge. Sihe Eoayme-tedradcjudgt chnsddd of0 9 and 10
50 (untreated) 15 2,700 11 and 12 50 (alumtreated) 7 2,100

- the papermaking sludge treated with one pound of enzyme solution per ton of sludge, based on

the dried solids weight of the enzyme solution and the sludge. The enzyme solution was
BUZYME™ 2524, available from Buckman Laboratories International, Inc., Memphis,
10 Tennessee, and contained about 10% by weight cellulase enzyme (Cellulase 50000). The
enzyme-treated sludge also contained 20 pounds of alum solution per ton of paper making
stock based on the dried solids weight of the alum solution and the paper making stock.
The effect that the addition of sludge had on the sheets was tested using the boat
method, according to a method similar to that used in the mill. The handsheets were tested in
15  ahot water bath ﬁaving a temperature of about 40°C. Testing showed that the sheets having
no sludge fasted twice as long (with an average life span of [ hour and 15 minutes) as the
sheets treated with raw sludge, which lasted only about 30 minutes.
The sheets that contained alum-treated sludge showed about a 10% increased life span
relative to similar sheets containing the untreated sludge. However, the sheets containing the
20 enzyme-treated sludge showed about a 30% increase in life span compared to the sheets
containing the alum-treated sludge. Table 1 below shows the test results achieved from the 50
pound per ton additions of treated and untreated sludge. All weights are dried solids weight

based on the dried solids weight of the stock.




13 and 14 50 (enzyne-treated) 7 3,000 These sanples were duplicated several
times and the results were substantially 15 identical in aMaxtHIE. The
sheets treat ed wi th 100 pounds of the sludge, whether the sludge was
treated 3}6 [eat ed, showed about a 20% decrease in_|life span in all
cat egor1 éé‘r?’par able to those of sanples 7-14 showRCTASRIBPE | apove.
These resul ts indicate that adding sludge to the papermnaki ng stock
adversely affects the |ife span of paper sheets nade fromthe resulting
pul p. Treating the sludge with an et&yne 20 solution prior to
incorporating the treated sludge into the papermaki ng stock inproved the
life span of the resulting sheetslablalhot water bath |ife span testing.
Exanple 2 In this exanple, a freshly-acquired conposite sludge sanpl e was
treated viampledNumberes Am@niof Slidgsm one powmd of Sizifgour  pdUindsecondsypect i vel y, of
| i pase per ton of sl(punds pettemefdiods t Kigouddsipadon fetbikiis wei ght of the |ipase
and the sludge. Treatnent of the sludge |asted for 30 nminutes, after which
time the tanddt ed sl udge has mixed with a pépernaking pulp & a rate of 10
pounds of3angfdeat ed sl udg@ per ton of recyclled fiber basedd, 500 t he dried
solids weiaght of the slublige and the fiberl5 Each conbi ned6,@d p slurry was
si zed wi tAandh8t ween 5 andS0Eatpatedids of ASA §i zi ng per 30 th8o0of paper naki ng
st ockl0 THand8A si zi ng mafmitgiteddas enul si flised with pol yne, 30 The 26 My
2006 WO O3pohE454 PCT/ USHRAIgR8@8ed)17- resulfting pul ps werzlgorepared into
handsheetld aghid wat er dr off} (eemseirerednt s wer @ t'aken for eaxtbosheet. The
water drop tests is a standard TAPPI nethod where a drop of water is
dropped ont oThexe saniplest weaan duplibetedt semeralf tmest dng thatraultst weradsistabtiallpt o t he sheet
is neasured. The tine that it takes for the drop of water to adsorb into
t he sHeetidentical wearhdas. The thbets treatediith 10%spoginis\efithe sludge, Telothersth@sladael 3 bel ow,
and graphically denonstrated in Figs. 1-4, the sizing of each resultant
handsheetwas ritcated oe dntwtedy shovendeabsitng) 2D%pdesmeast rie diferspan i cill exteglries ncr easi ng
sizing material |evel.

compatrable to those of samples 7-14 shown in Table 1 above.

These results indicate that adding sludge to the papermaking stock adversely affects
the life span of paper sheets made from the resulting pulp. Treating the sludge with an enzyme
20 solution prior to incorporating the treated sludge into the papermaking stock improved the life

span of the resulting sheets in hot water bath life span testing.

Example 2
In this example, a freshly-acqﬁired composite sludge sample was treated with dosages
25  of from one pound to four pounds, respectively, of lipase per ton of sludge, based on the dried
vs_olids weight of the lipase and the sludge. Treatment of the sludge lasted for 30 minutes, after
which time the treated sludge was mixed with a papermaking pulp at a rate of 10 pounds of
treated sludge per ton of recycled fiber based on the dried solids weight of the studge and the
fiber. Each combined pulp slurry was sized with between 5 and 15 pounds of ASA sizing per

30 ton of papcnnaki_ng stock. The ASA sizing material was emulsified with polymers. The




Table 2 Addition of 10 pounds of sludge per ton of papernakigg pul p 10
Sizin Results (Water Dro , in seconds Sanple Pounds of Li pa?é %y H¥hnds of
si zing 10 pounds of sizing 15 pounds of sizing No.per ton of per ton of per

ton of n_of papermaki ng sl udgepaper maki ng sl udgea ernaki n slud ea
r maki n g‘ﬁ[ﬁ@@%“‘i"souszas 1612354122 1722761124 1833368’95@53%%87138 26 May

2006 WO 03/048454 -18 PCT/ US02/ 37898 Table 3: Addition of 20 pounds of
sl udge per ton of papernaking pulp 5 Sizing Results (Water Dro , in seconds
Pounds of Lipase -17-

resulting pulps were prepared into handsheets and water drop measurements were taken for

each sheet. The water drop tests is a standard TAPP1 method where a drop of water is dropped

onto the sheet and the time for the water to adsorb into the sheet is measured. The time that it

takes for the drop of water to adsorb into the sheet is recorded as the result. As shown in

5  Tables 2 and 3 below, and graphically demonstrated in Figs. 1-4, the sizing of each resultant

. handsheet increased with increasing lipase treatment for each increasing sizing material level.

Table 2
Addition of 10 pounds of sludge per ton of papermaking pulp

10 Sizing Results (Water Drop), in seconds
Sample ; Pounds of Lipase 5 pounds of sizing | 10 pounds of sizing | 15 pounds of sizing
No. per ton of per ton of per ton of per ton of
papermaking sludge | papermaking sludge | papermaking studge | papermaking sludge
15 0 12 32 83
16 1 23 54 122
17 2 27 61 124
18 3 33 66 133
19 4 35 87 138




5 pounds of sizing 10 pounds 15 pounds of sizing Sanple per ton of per ton
~of of sizing per ton of No.papernaking sluda ermakin sl udgéfédax diPoof a
~rmakin sludge a ermakin sludge 200113066 2111946108 2222052119 2332661127

2442968129 |t will
%hd variations
i nvention wthout departing fromthe spirit or

is intended that the present

nodi fi c X9 G4

i nventi on.

Thus,

it

be apparent to those skilled in the art that various

can be made to the enbd$IASHYESEf the present

scope of the present
i nventi on covers ot her

10

nodi fications and variations of thi-48i nvention provided they cone within

the scope of the appended clains and their equival ents.

26 May 2006 WO

03/ 048454 PCTI US02/ 37898 -19 WHAT IS CLAIMED IS: 1. An enzyne-treated

paper maki ng sl udge consisting essdiabledl |y of a
Addition of 20 pounds of sludge per ton of papermaking pulp

5 Sizing Results (Water Drop), in seconds
Sample | Pounds of Lipase 5 pounds of sizing | 10 pounds of sizing | 15 pounds of sizing
No, per ton of per ton of per ton of per tont of

papermaking sludge | papermaking sludge | papermaking sludge | papermaking sludge

20 0 11 30 66

21 i 19 46 108

22 2 20 52 119

23 3 26 61 127

24 4 29 68 129
It will be apparent to those skitled 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. Thus, it is intended that the present invention covers other
10 ‘modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents,




paper maki ng sl udge conbined with an _enzyne conposition. 2. The
enzyne-treated papernaki ng sl udge of claim1, wherein sai d2edgmgi06s5
conposition has cellulytic activity. 3. The enzyme-treated papernmaking
sl udge @f claim1l, wherein said enzyne conposition has both cellulytic and
heni cel PAGPRS4Sctivity., 4. The enzyne-treated paper REEUSERE8%¥dge of claim
1, wherein said enzyne conposition has |ipase activity. 10 5. The
enzyme-treated papermnmaki ng sludge of claiml, wherein said enzyne
conposition is added to said paperntki ng sl udge in an anmount of from about
1. 00% by weight to about 0.001 % by wei ght active enzyne based on the
dried solWHATWHSIMIMED 8ot h t he active enzyne and the sludge. 6. The
enzyme-treated papermnmeki ng sludge of claim5, wherein said enzyne 15
conposi ti on cbnpr ifeentynereadio uiapdiakng vehidght congstinp oessenBlflBO Y wei ght acti ve
enzynme based on the dried solids weight of both the active enzynme and the
enzyne cqaposikingshidgeomBinedevith winenzimesa@impokitipaper maki ng sl udge conposition
conprising fromabout 50%to about 100% by wei ght papernaki ng sl udge, and
from about 1%.by Vibé ghdyme-oeateld quapermBafy Hydgevell ghim enwheien eodpayinti on, based
on the dried solids weight of the papermaking 20 sludge and the enzyne
conposi t icomposBion Haseeliplytiyaztivityr eat ed paper maki ng sl udge of claim 7, wherein
said enzynme conposition conprises from about 5% by wei ght to about 20% by
wei ght .act i ve3.enz Jhe endyme-rehted rpapdmeakily shaigs of icldisn \Wewhdndin &fid badylnct he active
enzyne and the enzyne conposition. 9. A nethod of nmaki ng paper or
paper boarcdmpmgitipn has batly celi2tidviay hea(ée0ulAD a03/itP4 8454 PCT/ US02/ 37898 - 20- a)
conbining at | east one enzyne conposition and at | east one papernmaking

4, The enzyme-treated papermaking sludge of claim 1, wherein said enzyme

composition has lipase activity.
10 | 5. The enzyme-treated papermaking sludge of claim 1, wherein said enzyme
composition is added to said papermaking sludge in an amount of from about 1.00% by weight
‘to about 0.001% by weight active enzyme based on the dried solids weight of both the active
enzyme and the sludge.
6. The enzyme-treated papermaking sludge of claim 5, wherein said enzyme
15  composition comi:)rises from about 5% by weight to about 20% by weight active enzyme
based on the dried solids weight of both the active enzyme and the enzyme composition.
7. An enzyme-treated papermaking sludge composition comprising from about
50% to about 100% by weight papermaking sludge, and from about 1% by weight to about
- 50% by weight enzyme composition, based on the dried solids weight of the papermaking
20 sludge and the enzyme composition.
8. The enzyme-treated papermaking sludge of claim 7, wherein said enzyme
composition comprises from about 5% by weight to about 20% by weight active enzyme
based on the dried solids weight of both the active enzyme and the enzyme composition.

9. A method of making paper or paperboard comprising:




sludge to forman enzynme-treated sludge; b) conmbining the enzyne-treated
sludge with a papermaking pulp to forma treated pulp; and®3e)2408r ni ng
the treated pulp into a paper or paperboard product. 10. The method of
claim?9 J !ﬂ‘{ conprising introducing at |east one Si zi nzgﬁ material to
t he paper makl ng pul p. 11. The nethod of claim 10, whéCEUIIZHEPE si zi ng
mat eri al conprises an ASA sizing emnmulsion. 10 12. The nethod of claim9,
wherein said enzyne conposition contains fromabout 5 %to about 20 % by
wei ght active enzyne based on the deo-ed solids weight of both the active
enzynme and the enzyne conposition. 13. The nethod of claim9, wherein said
enzyme conposi ti ore)cambidebed ldast @ krkymp aquepositidal ang aclkastlgre pagerdkingmount  of
from about 1.00% by wei ght to about 0.001% by wei ght 15 active enzyne
based on dlinige Biférachn sradymeiBeated slgdie; of bot h the active enzyme and the sl udge.
14. The method of claim9, wherein said enzyne conposition conprises at
| east one pol yanik)eomtinigptie enzgmeltredied stAgd wittNg papeintakiny bil tefayae. 15. The
met hod of claim9, wherein said enzyme conposition conprises a |lipase
enzyne. 2eakbpulflel nmet hod of ctaim 9, wherein said enzyne-treated sludge is
added in an anount of from about I pound per ton of papermaking pulp to
about 50 pounds pej fotnoing thé treafed pelp inbda pager ptijaperivadeebdad. t he dried solids
wei ght of both the enzyne-treated sludge and the papernmaking pulp. 17. A
paper or papei®oartic methddiof cialad®, furtdemcohgising tioduchiy o llaitrond sizé@ May 2006 WO
03/ 048454 PCTI US02/ 37898 - 21-

materia) to the papermaking pulp.

11.  The method of claim 10, wherein said sizing material comprises an ASA sizing
emnulsion.

10 12.  The method of claim 9, wherein said enzyme composition contains from about
5 % to about 20 % by weight active enzyme based on the dried solids weight of both the active
enzyme and the enzyme composition.

13.  The method of claim 9, wherein said enzyme composition is added to said
papermaking sludge in an amount of from about 1.00% by weight to about 0.001% by weight

15 . active enzyme baéed on the dried solids weight of both the active enzyme and the sludge.

14, The method of claim 9, wherein said enzyme composition comprises at least
one polyamide oligomer and at least one cellulytic enzyme.

15.  The method of claim 9, wherein said enzyme composition comprises a lipase
enzyme.

20 16.  The method of claim 9, wherein said enzyme-treated sludge is added in an-
amount of from about 1 pound per ton of papermaking pulp to about 50 pounds per ton of
papermaking pulp based on the dried solids weight of both the enzyme-treated sludge and the
papermaking pulp.

17. A paper or paperboard product made from the method of claim 9.




18. A method of inproving sizing in_a paper or paperboard product
. conprising: conbining a papernaking sludge with an enzyne ¢({6§ onto
forman enzyne- treated sludge; conbining said enzynme-treated sludge with a

paperrragj %j'ﬁ to forma treated pulp; 5 and form ng a paper or
paper bo rd&%{g?sg ct fromsaid treated pul p, wherein 55831[’5‘?26’8@?& has
i nproved sizing canpared to the sizing of an identical paper or paperboard
product but not having the sludge treated with enzynme conposition. 19. The
met hod of clam 18, wherein said pap2r-maki ng pul p conprises a sizing 10
material. 20. The nmethod of claim 18, wherein said papernmaking pulp
conpri ses an ABA A mzthodpfémprbngaizing Zila pagdior pipérboad pRfdudt|camprisihd, Wherein sai d
i mproved sizing conprises an inproved retention of sizing material. 15 22.
The net hod of cohtdning 4 Bapemtaking slndgs aiittl ah EpZydN @IMBdstibM @ OATRT éng@ke-an | nproved
resi stance to size reversion. 23. The nmethod of claim 18, wherein said
enzyne comnpedsiedggn has cellulytic activity. 24. The nethod of claim 18,
wherein said enzyne conposition has both cellulytic 20 and hem cellulytic
activity. 25. cohbdnimgstideokzymk-trediisldgeSyith\wipayerhaking pinpl todfoayd BatedpiRHsi t i on has
| i pase activity. 26. The nethod of claim 18, wherein said enzyne
conpositiand is added to said papernmaking sludge in an anmount of from about
1.00% by wei ght to about 0.001 % by wei ght active enzyne based on the
dried solids fwenight pafer brgtaperticad paeliict iemeaid yigated palp,twhercil seid gRduct6 May 2006
WO 03/ 048454 PCTI US02/ 37898
has improved sizing compared to the sizing of an identical paper or paperboard product but not
having the sludge treated with enzyme composition.
19.  The method of clam 18, wherein said papermaking pulp comprises a sizing
10 material.
20.  The method of claim 18, wherein said papermaking pulp comprises an ASA
sizing emulsion.
21.  The method of claim I8, wherein said improved sizing comprises an improved
retention of sizing material,
15 22.  The method of claim 18, wherein said improved sizing comprises an improved
resistance {o size reversion.
23. The method of claim: 18, wherein said enzyme composition has cellulytic
activity.
24.  The method of claim 18, wherein said enzyme composition has both celiulytic
20 and hemicellulytic activity.
25.  The method of claim 18, wherein said enzyme composition has lipase activity.
26.  The method of claim 18, wherein said enzyme composition is added to said

papermaking sludge in an amount of from about 1.00% by weight to about 0.001% by weight

active enzyme based on the dried solids weight of both the active enzyme and the sludge.




-22- 27. The nethod of claim 26, wherein said enzynme conposjtion conprises
_ from about 5% by wei ght to about 20% by wei ght active enzy@@rﬂﬁggﬁmon t he
dried solids weight of both the active enzyne and the enzynme conposition.

28. A pape aper board product nmade from a treated papermnaki ng pul p,
said 5 ﬁgggpggﬁgapernaking pul p conprising a papernaﬁpﬁﬁgﬁﬂVﬁmand an
enzyne-treated papernmaking sludge. 29. The paper or paperboard product of
claim 28, wherein said enzyne-treated papernmaking sludge is present in
sai d paper or paperboard product in2Zm ampunt of from about 5 pounds per
ton of papernmaking pulp to about 200 pounds per ton _of papernaking pul p
based 10 on tRé& dr t&dnedisd iofiglaimedty rhereip spid epzymp ecnangsitionecompeses Sams| udge and

t he papernakigg pul p. . )
about 5% by weight to about 20% by weight active enzyme based on the dried solids weight of

both the active enzyme and the enzyme composition.
28. A paper or paperboard product made from a treated papermaking pulp, said
5 ftreated papennaking pulp comprising a papermaking pulp and an enzyme-treated papermaking
_sludge.
29.  The paper or paperboard product of claim 28, wherein said enzyme-treated
papermaking sludge is present in said paper or paperboard product in an amount of from about
. 5 pounds per ton of papermaking pulp to about 200 pounds per ton of papermaking pulp based

10 on the dried solids weight of both the enzyme-treated sludge and the papermaking pulp.






