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paper maki ng sl udges ate provi ded, as are nethods of making the

enzyme-tre d_sludge. Paper- maki ng processes that incorporate the
enzyne- i‘rr"e@%“ M3haper maki ng sl udges into paper nmaki ng FS’GITBJS&@”&I so provi ded
as are paper and paperboard products nade fromthe resultant pulp. 26 My
2006 WD 03/048454 A2
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two-letter codes PAREBMAKINGIRRGOESSUSING ENAYME-TREATED " Guid- GN M, MR
NE, SN, TD, TG . ance Not esSIUDGEIAND PRODBOMSevi at i ons" appearing at the
begi n- Published: ning of each regular issue of the PCT Gazette. - wthout
I nt er nat | RACGKGROUNDIOF THEINVENTIOND be republished upon receipt of that
report 26 May 2006 WD 03/048454 PCTI US02/ 37898 -1 PAPERMAKI NG PROCESS

USI NG ENZYME- ThEpiekEdD invSiticiDtelztes ANBpREDIETS e BAGKRIMDmale flonlEtheésBIVENTI ON 5
The present invention relates to papermnmaki ng processes and products nmade

f r om t hegmocegsesoblesasiculdvlyr the prasett iowhtionlrplated th @agemekiap procdasee whérein rel ates to
paper maki ng processes wherein sludge generated from a papernmaki ng process
i s recyclsbdgd gendrdtal fwarapaperogkdgprocess is recycled in the same process.

The manufacture of paper involves blending, in water, a pulp material (generally wood

fiber) with fillers, such as clay, and other additives to create a stock slurry mixture referred to

10 herein as a pulp. The pulp is then processed through a papermaking machine to form a sheet.

The water is then extracted from the sheet and the sheet is then pressed and dried, thereby

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 2 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,




The manufacture of paper involves blending, in water, a pulp materi al
~(generally wood fiber) with fillers, such as clay, and ot RéMai06i ves to
create a stock slurry mxture referred to 10 herein as a pulp. The pulp is
then prggRs t hrough a papermaki ng machine to form The water is
t hen extrac’t%e 4fromthe sheet and the sheet is then 5?3’3@@2’%%{’% dried,
thereby form ng a paper product. The drai ned water contains an anount of
fiber and filler material. This material is collected for |ater
processi ng, however, the recovery is-usually not conplete. Discarded
material and material not captured for reuse are generally transported to a
wast e 15 HeEssngrentonYesing, tha lgssiirefemedde aslal sizegemgisionsig sol ids, e.g., the fibers
and filler materials, are renpved. The cleaned water is discharged back
into the enviVigTRERIoONGY sgthvitiontihelgssighgiting roaterlab Extragtablesikdrelipedr ocess f or
reuse. After dewatering, the solids are contained in a concentrated,
typi cal | Fizigorr doby, @pmagkssizingin dherarsr 9¢ papprbeprbprodugewithouna lossmbeiieat s of this
sludge are fibers and clay filler material. This sludge is usually
di sposed "ferigy In3ame; pepesses. iextrgmbley iy, the groflueh @eppoteatit degs obsizingicilher at i ng.
Sone paper maki ng processes recycl e papernaki ng sludge, however, this has
been f ouREPeesiss 3hcre Ppeimpkiag flidge 1559ddedrhgckdnfg thepappemakingeprocessesignifiomt | n
- papernmaking, "si.zing" refers to the ability of paper or paperboard to
‘resi st waATRs oh 32ieg Paisrigly canbsdest and énerasedgizedeversion ogsbtsh. " Si zi ng” al so refers
to sizing materials, sizi ng conmposi tions, and sizing additives, such as an
al kenyl succi e addiion gitieent pddisixgs agd certpip prceswing foaditions canmlspadyerselng i s | ost
during a ga ermaki ng process, or during storage, printing, 26 May 2006 WO
03/ 048454 ingg% Inreaso gzing revepipn: cbs adiliion of reevsled slbdgeriya papbrnakings | s
referred to as a "size reversion." Size reversion may occur wthout the
| oss of BiogsyRitenintredupes such miditivazerapndiions. hydr ol yzed si zing, or both, can
mask sizing in the paper or paperboard product wthout a |oss of sizing
material . | nAsustepitolecspapemaling pracsssapritioylailna prioeespwhrtiein papgrmekiog e t he | 0ss
of sizinq. In processes where papermaki ng sludge is added back into the
paper makflpdge iy evelsd in the pragess, dehminiraipes ulet lessof siging inmatgriafeio dheireultantan be | ost
and increased size reversion occurs.
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:




The addition of different additives and certain processing conditions can
~also adversely affect sizing and increase sizing reversi 0?0 M&e2@8diti on
of recycled sludge in a papermaking process often introduces such
additives or conditions. A need exists for a papernmaki ng process,
particularly a process wherein papeinaking sludge is recycled in the
process, that mnimzes the loss of sizing material in the resultant paper
or paper boar ch) Rombluite, at a6t FendnByraE SongiogiBion GNE hSiea onSPAVARYHF THE
| NVENTI ON According to a first aspect of the present invention, there is
provi dedshalge ®ifaymnar enbyRairetedeades; maki ng sl udge consisting essentially of a
paper maki ng sl udge conbined with an enzynme conposition. According to a
second aspectb) odmbilgthp efs/aidttrehtdd Sidge @ith alpAfdrRalkiSy RPN f6@0a GitedNZ Y Me-
treated papermaki ng sludge conposition conprising fromabout 50%to about
100% by piyi; @it paper maki ng sl udge, and from about 1% by wei ght to about 50%
by wei ght enzyne conposition, based on the dried solids weight of the
paper maki ng  c§ fouelipg teeretatch pulp Mty fBapeCaPRRShdaiditoduég cording to a third
aspect of the present invention, there is provided a nethod of making
paper or papetdoading t€ e FRrihssiegt ofdfe poyenObition, Akere R)pré&@dddiaapg at | east one
enzyne conposition and at | east one papernmaking sludge to form an
- enzyme- tar afeshdard lpoidgé; mady fromnid mghdde tenidyd@spdet.eat ed sl udge with a
papermaking pulp to forma treated pulp; and c) formng the treated pul p
into a paper Azcorpiapes b difth dspetiod died presbRGvRiisQ tHete i@ pfidel B nagpact of the
present invention, there is provided a paper or paperboard product made
f rom t hef mgirérdisk <ifing i@ papdr bolpapehesl prodet,@bslpiigng: 0 a fifth aspect of the
present invention, there is provided a nethod

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.




“and resistance to size reversion.

of inproving sizing in a paper or paperboard product, conprising: conbining
~a paperneking sludge with an enzyne conposition to form an26dHayA¥l% r eat ed
sl udge; conbi ning said enzyne-treated sludge with a papermaking pulp to
forma treated pulp; and form ng a paper or paperboard product fromsaid
treated pul p, wherein said product2bras inproved sizing conpared to the
sizing of an identical paper or paperboard product but not having the
sludge treated with enzynme conposition. According to a sixth aspect of the

present inventi ere S provided aper._or _paper board product made
froma treat edlr%er;%%s%[prtr%m&rtf&n ‘baﬁlpf)o,“dgﬁimc?a?ggg’f’@‘a‘gﬁﬁ%e,?ﬁ@ﬁﬂr’?d‘d ﬂﬁf’gf“ﬁycorrpri si ng
a paper maligk Bikb; qgﬁ;qg%- e rmaking sl udge. 26 May 2006
-2b The present ii)]%s@%f%ﬁmca prorgl}lgo%g naagtrlr%?%%aneoqa p%[ﬁmﬁéﬁ%&e%n%r

paper boar gh &b he-Flka s, YAtP SRR} Wuihin B8 A GRE TR egﬁﬁpgsi tion and

at | east one papermeki ng sludge to torm anh enzyne-treate udge, and

s ubsequengdpyrmakiADpIN. mcgﬁﬁ,ﬂgg&mﬁﬁmﬁ@m%t W"%Pﬁﬂ%fe RAR rarr{fki ng pul p.

The enzyne conposition preferably east one o pase“activity and
cel | ul aseceB@hse Gétlvity, aRd e VY HRferRiI Pl . hem cel | ul ase
activity. The enzgymg- t?e_at eerd gudgcgbigsgﬁﬁ%%ng%g@%%@ggﬁ;ﬂg gz%"é‘\e/’er al points
of addi tigted lam%?lnﬁ,pg@g@gd an@)érgegg&] W*"%Ci%?‘ﬁ%} ﬂzaa%%er%%i'gﬁrfggtg?‘%ge headbox

of the system e resulting pul p or 'stoc inc

enzyme- t rigakidadk =8 bilysigero tHe DetbdrSE i Q into a sheet of pulp from
whi ch a paper or _wglapgrgoard pr pdﬁﬁew;ﬁep?sg@gu%’éu&Orﬁﬁ’glf’gl"‘%%?wl“&%e resul tant
a1 ol St ance Lo o] 2ey evar el e Y R S BIE HPE 1k B P02 37308
-3- Ther %aﬁeﬁ%aelglpﬁﬁucbﬁ p%%.%eﬁblﬂ%%sq&m pnager%yi%tpeer&afrf prrocﬁu?tre;dyilritnsg out the

above-descri

improved sizing, sizing retention, and resistance to size reversion.

U




met hods, paper or paperboard products made according to the nethods and/ or
~with the system and enzyme-treated sludge additives for p&pdaxaiiiong
processes. It is to be understood that both the foregoing general

descri pty the followng 5 detailed description are exenplary and
expl anattw‘odr)él}mgﬁil and are only intended to provide a FCAfSAI¥xpl anation of
the present invention, as clainmed. The acconpanyi ng draw ngs, which are
incorporated in and constitute a part of this application, illustrate
several enbodinents of the present-3invention and together with
description, serve to explain the principles of the present invention. 10
BRI EF DESCRI PTThek|c@Flsd biEprBRANG MNpSmbkigy kysted) forSarding bk ShWekgnddhe ef f ect
that an enzyne-treated sludge has on the sizing of a paper product made by
a pr ocesdnekods mgpan @r percimard moelditsrentle odcotding tpnies@ethods AMERE Wl the Fi gure 2 is
a.graph show ng the effect that an enzyne-treated sl udge has on the sizing
15 of a pPESE Bt wame repadidudgy adiityeoformpermeliny mocaget 0 an enmbodi nent of the
present invention; Fig. 3 is a graph show ng the percentage increase in
sizing in a pHpe bsradusted thatiboththe foregpingcgeasal descriptidh agl the fllewimgbodi ment  of
the present_invention wherein |ipase-treated papernaking sludge is

i ncor por akiaied; degcgptipn geeraemridy Ayl sxolaptors only el anadedy infredegtodweide aand Fig. 4
is a graph showi ng the percentage increase in sizing in a paper product
made by Drtherexplabensef theguesend invention agelaiad oHic mesompanfing tewipgs sbich i nvent i on
wherein |ipase-treated paperneking sludge is incorporated into a

paper nakiffgngempepted deand censtifutk @ parhef this aphlication, Mistiiese@B0 EmWOIDDIsBE8454

PCTI US02/ 37898 -4- DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The
present iteREFFET dRvepsion\andi togethns tib disscoiptionn kervegto sapain therpripeiples bbtaie d.  Accor di ng
to the present invention, at |east one enzynme conposition is conbined with
at | east PEpr8tinypair naki ng sl udge to form an enzyne-treated papermaki ng

sl udg“e). Herein, the treated sl udge

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.




5 is referred to as an "enzyne-treated sludge.” The enzyne-treated sludge

i s subsequently added to a papermaking pulp in a papermaki2 M@g/%‘%()ém
Herein, the phrase "papermaki ng pul p* refers to papermnaki ng pul ps,

paper i tocks, and papermaki ng furnishes. The enzyne-treated sludge
is pr g?gjrog'%{";&‘%dded back into or recycled to a paper HaKUAY38%t em from

whi ch the sludge was generated. \Wether the papernaki ng sludge to be
treated is generated fromthe 10 sane process to which the enzyne-treated
sludge is added, or froma differen#- process, the resulting pulp
containing the enzyne-treated sludge is then forned into a paper or

paper boarRBETAILBDIHESCRIETION OF THE PRESENTAN¥FENTIONent i on. Paper and

paper board products according to the present invention preferably exhibit
excel | ent si zThegressit invengon @bedes imothods afi shakirgeiapdr angaperbards Azeerdingewer si on. The
met hod of the present invention can be practiced on conventi onal

paper makitiegprestbt impanliomes leabtt dne mozhinfei @aipositivs it kambieainwite atrizele oner vi ew of t he
present description. The present invention also relates to enzyme-treated
sl udge t hpapermaking sledgelio fasn arengaic ttehtepapdnoakirg spudgee Hereil tiegreptedxbelgs and t hat
preferably inproves sizing, sizing retention, and resistance to size

rever i ons referral tp ayrareraympagtes kodged Tixr apelnrettreatadidudre outdequently addad pr ocess of
the present invention which utilizes the enzyne-treated sludge. The

pr esent it papermaking pwirt it @ paperlabingsystern. HeRih, the plvesd Spapérmakikg pulp” safich an
enzynme-treated sludge. The nethods of the present invention can enploy, and
t he pr odue papernfkingpulipr ppemiaking siacks) ndopupemakingfatnishes, Tinamyynditfebted ent t ypes of
paper maki ng pul p or conbi nati ons thereof. For exanple, the pul p can

conpr i se shilgegs preferatily addaddmghcintedbr pecygied to wglapanpakingr gystem Srainfviltich thal p, br oke
pul p, hardwood kraft pul p, softwood kraft pulp, mxtures of such pul ps, and
t he | i ke sludgeevds @erviged 2008hev\e(Bpeinding 4luREETib UEMR4t1/i8 Qbherated fachdthd | on of
enzyme-treated sludge according to the present invention is particularly
wel | -19ui ek prbmss to sdichititcrentymeerkabswgp islagdedrefropi o dffezatrpgpckss, tieneral |y nore
critical than with many ot her paper and paperboard products. According to
t he pr esesbltingpuipbntaining the 2nzgge-traated sludde is thenpfveded iradod yaperabe pagherbeardy

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




5 papermaking pulp to inprove sizing in a paper or paperboard product nade
~fromthe pulp. To inprove sizing, by retaining sizing mat @0iMay 2606 he

fini shed paper or paperboard product, and/or to inprove resistance to size
reversi &n%‘ 4ge-treat ed sludge is added to the pulp according to the
present N hventton. Sizing materials that can be addedAFS%H8Ber naki ng pul p
include, but are not limted 10 to, conventional sizing additives. ASA
sizing emul sions are particularly preferred and can include those

enul si ons described, for exanple, i#5-U S. Patent No. 5,962,555, which is
incorporated herein in its entirety by reference. Another exenplary sizing
mat eri al 4didon cfanzyme-treataiethdpcsacakdingl to the presert itvertn i€ palilouladyateiglitednd t he | i ke.
The sizing additive can contain other ingredients besides a sizing

mat er i al , fosuse lvith Sinerbaard i rhkrein sizing tsaebanlyInord &itit4l tigh Z6th pApEsthatsi Nng an ASA
sizing emul sion, the emulsion is preferably added before the paper sheet
form ng sSpaggp andpaperimapigrodads. ng process. The sizing enul sion may be added as
far back in a papernaking process as the thick stock, but is preferably
added just beAcdodlifghe thee preldao invéntion, pyhen Wadetislgisnpefdfablg . addal tosaknown in the
art, a sizing enul sion should be added in such a way to insure proper

di st ri Hutpapemmakingtpop tb nipeovs sizif@iniapaper @ pppethomt pahidet mbdeUiomale putph @020 Si zi ng
enul sion can preferably be diluted to fromabout 1% to about 3% solids,
based on imjxeve silfingelly rsining sizingemgérial io the tihished papes brapertiolvd produd edi/doef or e t he

- screens or fan punp just prior to the pulp slurry entering the head box.
Gt her anou iisove adsistageelts eick: revidsion, alizymettread slidpk lisoided tbyhe palp s@edimpon by t he
screens and/or fan punp, aids in distributing the sizing enulsion to

achi eve tothe piesem ioNeafioni but i on on the fibers. 26 May 2006 WO 03/ 048454

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

chemi stry, anSiing mawfialsihaticagbeaddbidtto ¥ ppermaking pdp ddidid buarcindgingdtient s, si zi ng
reactions with cellul ose, and nmethods of adding sizing additives, that are
sui t abl e tb,aoivesitional stingeddifape ASAlsizing efulsions) are fphiticulaly peferedlaficanwi t h  t he
present invention, are described in U S. Patent No. 5,962,555 which is

‘I ncor por dichde hiese etulsions 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.




5inits entirety by reference. Accaording to the present invention, an
~enzyne-treated siudge is added to a 'sized papermaking pul FotNay #flbove at

| east one of sizing, retention of sizing material, and resistance to size
reversion. Preferably, the enzyne-treated sludge consists essentially of a
paper maRo§*¥% 4 dge and an enzyme conposition. Accor BFRYS®2678R enbodi nent
of the present invention, the 10 enzyne-treated sludge can contain from
about 50%to about 100% by wei ght papermaki ng sludge and from about 1% by
wei ght to about 50% by wei ght enzynsg- conposition, based on the dried
solids wei ght of the papernmaking sludge and the enzyne conposition. The
paper maki ng sDikegsizing akiditivis,t H@APIGE dizngl Maieidl NBeRiBY Moifieaf eingl udge of the
present invention can be any of various sludges generated in a papernaking
process. alilifives/ sisitgeadéinve ingiedientiSsizinkoredatidns isth REltuldsé, Bhd Belhdd of LAMPOSi ti ons
containing one or nore types of fibers of one or nore wood types. The

sl udge cairing@tditiict) tiak fre KBtalilé toGbIR A¥izedPdpermlaRiNGpkS usefuni labtdida@e hithes. O her
materials that can be included in papernmaki ng sludges as defined herein

i ncl ude, thiresat énveartion, larerdiedcrtisbd tir0U.S. PARAL 184. 3/0605338dheh isdhdrpofaiéd heddiyzed si zi ng
materials, polynmers useful for flocculating and/or coagulating the pulp or
sl udge, [nltyuiehesy by sfifrdibe, as retention aids, stickies, glues, inks, fillers,
20 other inpurities fromrecycl ed paper, defoaners, and surfactants.

Paper maki ng shexdgléeg, to niet fresht infentforC oy enzim@gtriasep aetudpkisngded widoesd and et hods
of recycling papermaking sludges are described, for exanple, in US.

‘Pat ent  Nqm@perfiaking Gulp 4BimproSe af Gedst 6etof sizin@ 2efenidof shing Haiefifh,2nd Riidarde 356, 060;

each of which is incorporated herein inits entirety by reference.

Accor di ngo tife reversnh DBy thoénzinietreate@ SledEk cdrdiE Bdsériflly of b bdaehaking t aken 26 May
. 2006 WO 03/048454 PCT/ US02/ 37898 -7- out of the white water silo of a

paper makishggesiid iredieynie cdmpdsRioh. (AcirdiRSs ad bribdinent ol the peeenOhivehfidagthe or dual
polymers. The water is reused throughout the papermaking mll while the

sl udg® i snzymeeded Mded CanpuhtEie fromtabs1R 58% 1€ hbokf UV ghP ppawiakiig t 0 about 200
pounds per ton of papermaking pulp based on the dried solids weight of the
sl udge ar_mdgmh@ frofmabaat P &f etightlio/about 50% 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




5 from about 20 pounds per ton to about 100 pounds per ton. The enzyne
conposition used for treating the sludge may contain any &éd&nitlgnal
paper maki ng pul p-treating active enzyne, but preferably contains one that
has cel -'gﬁ)'to\é}i c_activity, such as a cellulase enzyne. O her conponents can
be pres A8¥4%ng as these other conponents do not REFASPHEY affect the
activity of the enzyne conposition. Preferably, the enzyne conposition
exhibits both 10 cellulytic and hemicellulytic activity. The enzyne
conposition may preferably contain l#pase. Suitable enzynmes and
enzynme-cont ai ni ng conpositions include those described in U S. Patent No.
5, 356, 8000ut of theaghite Saiter LiloSf a Pae@mnakingdpptm dod ¢laiieNssisteiyQklus8aBintle] ed February
27, 1998, and International- Publication No. WD 99/43780, all incorporated
her ei n i nortdoadipelyment Theewdt@ds Rysed dfcaglencie pdpehiakinenmdnphiRithe shapers nmaki ng

pul p-treating enzynes that can be used 15 according to the present

i nvent i oredtied tortbapulpdreat shtesd gie fram abddtZ YpduRis 26 2Boa rado Blddnd/per o524 enzyne
conpositions, both avail able from Buckman Laboratories International, Inc.,
Menphi s, pipanasggelp biked oemieydried sdidpedglit obthe pludpe andflly npendreératdy,f r om about
1% to about 30% by wei ght enzyne based on the dried solids weight of the
conposi t i fom abpus 2@ pgundst per tatbtoyrbout t0OPoEIdOpEF toh Y6 TH2 Oentzymen bangosiBfiPudy wei ght
enzynme. These anmounts can vary and can be bel ow or above the ranges

provi ded foepetiog tig shpige mayecosfamciny i comentopaiegapermeling Gelpataibg wctivenzymes ar e
formul ated based on their activity. The preferred enzynme conposition can
further contai but ppiraphtdogthienencghay balcellubyeix witieire sadhyas @lcellulase enzyme. _
pol yvi nyl pyrrol i done, tetrahydrofuryl alcohol, glycerine, water, and other
convent i dither cavpoyents a1 bmrsschti ao ong ekckhdst vibe campalecdd e degathvely afkanpl e, in 26
May 2006 WD 03/048454 PCTI US02/ 37898 U.S. Patent No. 5,356, 800. A

pr ef er r edheemtyityof dloenpagnd campositunt Bicfembiabibe enpine Yorghoyicied exhibit§ GABH 56- 81-5
FDA K - D), about 20 % Savi nase 16. 0E (protease enzyne from NOVO

Nor di HK) ,celaihyticitndhdmBellulysit ativifyCNES cdzdh2 edrffpoSifion adyreddashlyt codtaitdipe®- K15 (100 %
pol yvi nyl pyrrol i done of nolecular 5 weight of about 9,700), all based on
the total wei$itihbl&eraimdshasd eapgmer@ntaimiAP@Bipbsitivis 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




Anot her preferred enzyne conposition useful according to the present

~invention contains about 30 % water® (CAS 7732-18-5), about263¢ayw2{i6opyl ene
glycol (100 % 1,2- Propylene dycol CAS), about 10 % Cel | ul ase 50000

(cellul ase for paper/pul p. uses), about 16% additional water and inert

i ngr edi $ME48449 about 14% of a DVA- EPI - EDA t er pol ynBFTU802B089 ow nedi um

nol ecul ar wei ght cationi c pol yam ne conpri sing epichlorohydrin and

di ret hyl am ne units in the formof a water-sol uble polymer cross-Iinked

with ethylenedianmine), all based orf-the total weight % of the enzynme

conposition. The enzg/rre conposition can contain at | east one esterase or

| i pase, oV -SpRatatNgpdd6.89Pef erably contains a high concentration of esterase

and/or | ipase. The |lipase can be derived or 15 isolated from pancreatic

sources (e.g. A mefereed eegyme comppaitien) conning abown6 & Elwsdnd (GASH S@dld] BIPA bact eri a,

and/ or other m croorgani sns. Exanples include, but are not limted to,

triacyl gl Y8edd] abo ) h §apingsealddL (praigast eizawy from INQED dlordiskipamet. 148 so, any

| i pase or esterase capable of hydrolyzing triglycerides to glycerol and

fatty aciWerdanS BB2uUSSY andehantelr ‘6 iPXPIKIS 41081% pdivnyppyadlidetesf molsewani ni ng

esterase or |ipase can be used. For instance, Buzyme(r) 2515 and Buzyne(r)
2517 29 cusishbel abeyet70Mall hesed enth thtalbteight % of thBwexmerempesion.at or i es
International, Inc., Menphis, Tennessee. Products containing suitable

enzynes, suchA#dheREifeiEd enzxmg compesiion rusehib according by thatpirasent iipyertion 250, Li pase
0-1000, G easex 50L, and G easex 1001, can be used in the nethods of the
present i90@aint pwut 30Skcwatpr EdScT782-18-8, abeuti 30 profvlenenglyend 16108 Satdr ci al sour ces
as Genencor and Novo Nordi sk. The esterase or |ipase described in U S.
Pat ent Nd¥opylzee §ikisol 465 abgyt 08 1o Ge B 0000 (csbiassios pder/@ip BeskQOFo®52 and
5, 356,800 can be used in the present invention and these patents are
i ncor por atogpddifonghiedtar ardhingry ingredicntscand abwintt I4%eenfp DMAEPI-E4A &rpolymem(a publ i cat i ons
mentioned in this application, by reference herein. The enzyne or |ipase
can gtherlaymgdips  melsenlarn waight feationic  gelpdminea sonpriginigd epiclorohydrinsgind d f or m
Preferably, the anount of esterase or |lipase used in the nethods 5 of the
present i kylaming jugitsarin ateufirms of f4 cvatensolubde | pobrey ecressdinked, withpr ove
retention of sizing
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 can 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 acids 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 Buckman 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.




materials, and/or inprove resistance to size reversion. Preferred anounts
~of esterase and/or |ipase are from‘about 0.005 |bs. to ab@@tMay Z0bs. per
ton of sludge based on the dried solids weight of the sludge, nore
pr ef era%l from about 0.01 pound to about 2.0 pounds per ton, and nopst
prefera @)’1340?36% about 0.05 pound to about 0.5 pound BET"U{SQ}H"@F sl udge based
on the dried 10 solids weight of the sludge. The esterase and |ipase
conpositions are preferably stabilized conpositions using the formulations
described in U S. Patent Nos. 5, 3569800 and 5, 780, 283, which are
incorporated herein in their entireties by reference. In another preferred
enbodi ment,508052 hed 5386800t cah rbeewstd dm thet preseetn nyentiorc and dsset pabmts gront ai ns at
| east one pol yam de oligonmer and at | east one enzynme. The polyam de is
present iincorpbatesnin tweip emiiretyedléreotithvapy bihersgagehts lot publitatiens eneatyomed inBhkienpl ar y
enzyme conpositions containing polyam de oligonmers and enzynes are
descr i bedpplivatiant errefertrice headin. Pk knzgine of lifpse cangatierablp bdNaed in W@ f&@Y, 48780, which is
incorporated herein inits entirety by reference. According to the present
i nvent i orss ligihe fosm py/sebd Homplreikmbly thecamount o€ éstedhse @ lipse nded inathd roethaf two or nore
different enzynmes. The enzyne conposition can include, for 20 exanple, a
conbi rfat iabthepfesant invqnbiends anahoantcefiticlt asieproansizigp impoova kdteptioand sizing | ude a
stabilizing agent. The stabilizing agent nay be a pol yam de oligoner. The
enzyne nenateipief ad/abimprose tesistance hesipeaekersiohe Ppfped smedunts gf ssketadgsid/or o r educe
waste  water solids; to reduce Biological Oxygen Demand (BOD); and to
reduce Cllipsse el fro@xabge).00DEbnEn dboCED)bs. fer ®h ef siislgy bastdhan tandriedwsolglst s t o reduce
stickies, surfactants, contam nants, 26 May 2006 -10- fines, and anionic
trash i n veight lthediydzeamare ipreforhly tiomabert 0 8h dound tyaboue 8.0 paynds rer we,edd f or naki ng
si zed paper pul p and paperboard products. The anpunt of enzyme conposition
t0 be addeut freferatdy foampahovtdiOb popnd kouatige 0.5 pound periahant ledgabiskd dnhilee doied s ent
invention is an anmnount effective to inprove sizing, inprove retention of
si zi ni nablels iveight clrtbl dwdgé. nPlrecesterascesid Sipasn cempositizris 2 feferahhe stahilimad  For
exanpl e, the enzyne nmay be added to the sludge in"any anmount, such as up to
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,




100% by wei ght enzyne or less than 1%to 10 % or nore by melggt enzyne,
~with preferred ranges being in an anount of from about 0.@6 ww@ﬁ@ about
1. 000% by wei ght enzynme based on the dried solids melght of t he sl udge,
nor e preferabl from about 0.001%to about 0.100% and nor e

pr ef er aBQPP#8M about 0.005% to about 0. 05% by wei gh%/’CT/fé

enzyne-treated sludge can generally be added at any | ocation of t he

paper maki ng process but preferably is added prior to the headbox in a
paper maki ng system Preferably, theig-enzyne-treated sludge is added prior
to the whitewater silo, nore preferably, prior to the machine chest, and
even nor efires, @hdindalcyrashidn theslulig shd iy WHitewderaiegtycle®pbie el I makiag enzyme
treated sludge is added prior to the first refiner in a papernaking
process, s pdpei fulpgedpiperbdayd prdducts. Ah@bmeinbstemiyfe tdagolilinebediestto Aft er
conbining t he papermaking pulp with the enzynme-treated sl udge, the

resul ti nga pdperakiglsiipdgt in Scor8dnos With @ik pridei ilentioh GL &5 sRdinbD¥ffedtiveanvent i onal
paper maki ng machi ne using conventional papermaki ng techniques. Cationic

st arch neimploee adidgdimp@vd Reeenfiod pf siking haekisid afvbr mprovd RSistaice I8 Rz i Nvention to
20 forma starch-treated pul p. Starch nay be added at one or nore points

al ong & heedetsivn Bér epaply] the skhe1@aybel adddd s meigidgt hempanenialch Bgupappar at us or
system of the present invention. For instance, cationic starch can be

added t o 180% Wy preight eatyarlor Bts tRd® tot10€s samde by Wagh: bretymé, ath prifeiare- t r eat ed
sludge is added to the pulp or stock. The cationic starch can alternatively

or addi trargeseing i aadoie df frem hivar 6.0008% clatpit! 1006 b veigh@nPitle®aded fir St
treated with both the enzyne and 26 May 2006 WD 03/ 048454 PCT/ US02/ 37898

-11- cat ioanteciripdiolidereighfitefeanigy meiprefoiibly fokaabeil 0901%0 &l 6k 0.100% ar e not
limted to, potato starches, corn starches, and other wet-end starches, or

conbi nat ivpmeight i eofe prefepidieifv HoRl0.005tAbsIt 00596 bakéght.can be added to the
pul p or stock. An exenplary anount of starch that can be used according to

the proesent i Theeiymesreital sfudgedan bendiallbbe addaddOAY locktion of 6 papemakiag t on based
on the dried solids weight of the pulp or stock.
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




In addition to or in place of the starch, a mcroparticle additive may be
~added to the pulp at any time during the process. The m crZépdax7@oe
additive can nodify the charge of the pulp, or nodify the charge of a
conpone of the pulp. The mcroparticle additive can be, for exanple, a
char gi ng‘;ooqmﬁ%ﬁﬂ fying agent, a filler, a coagul ati ng P4d®0253788d/ or a
retention aid. 10 The mcroparticle additive can be a natural or synthetic
hectorite, bentonite, zeolite, alumna sol, or any of conventional

particul ate additives as are known-tle those skilled in the art. A biocide
may be added to the pulp or stock before or after the addition of the
enzyne- taadaicqolysiet Ryeferrel @atioaix atphe, inciudy)ibocdrelaot timytedoi®, woehtbesthrdhes, t he treat ed
pulp or stock in a blend chest after the pulp has been treated with the
enzyme- t reeaitstadhss| and gther vii-odistiebes s edmbinations theeofl5 paper maki ng pul ps
according to the present invention include biocides well known to those
skill ed in thEoreerdtiondi emowmkanfplash cBURANEM th iROpulpuestdchblam dkémplarBuck man
Laboratories International, Inc., Menphis, Tennessee. In the nethods of

t he, presswintiohstach tharan Rtusddeastdingne the pleyaneinvention infreo alvat fedbeltt 0 pre-

treat .the sludge prior to introduction of the sludge to a papernmaki ng pul p.
At | edst ASmpeungdopeyive baseddh ticalniedelidsdebintit dfdgetlperstawkt h t he enzynme conposition
at about the sanme tinme. Alternatively or additionally, one or .nore polyners
can be added befiditien toror dfpiase of thestarch, nadergaitiole addititehmayeha aydee to honposi ti on.
For instance, the polyner(s) can be added one hour or |less before or after
i nt r oductpulprat ofy timedudzzerprocesnidlsmiciopatidicoadtitiec ah vadidy thPclafcenbbhéy, if a
polymer is added to the sludge, the polynmer is a water-sol uble polynmer and
i s nore pubf@madifythachest obncompwahtesf tieehiplThe nd&opyktitle 20806y \MD @3foD48454

PCT/ US02/ 37898 -12- pol yner. Exanples of such polymers include, but are not
i mted tesgmplepickdndingy @myodifyin abenvedt filler, ancospalathg agereraad/oEPletchidA)aidand
cross-linked solutions thereof, polydiallyl dinethyl amoni um chloride

( DADMAC) , ThOAIRNKNaH ele rdditaericahebeapmtay arsysthetic heuirg bgnadnitereédite, slmfing he 1i ke. The
polymer, if used in the nmethods of the present invention, 5 can be used in
any anounbl, @mnray ¢feafvertiabl particnlaed additiyes 45 argasvnab thbiegkillediathe a®). 1 pound to about

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




15 pounds per ton of sludge based on the dried solids weight of the sludge,
more preferably from about 0.25 pound to about 10 pounds peéMaw#0§f sl udge
based on the dried solids weight of the sludge, and nore preferably from
about 1 _pound to about 5 pounds per ton of sludge based on the dried
sol i ds W4 the sludge. 10 The enzyne conpositi 8REUEBR™MBso optional |y
contai n other conventional paper treatnent chem cals or ingredients such
as, but not limted to, surfactants, solvents, suspension aids, clays or
other fillers, chelants, preservati-iZs, buffers, water, stabilizers,
pol ymers such as cationic, anionic, and non-ionic polyners, dyes,
pi gnent s, Pk ankxemplep Hofidjserbt i polyn@geningludes udht asreal nem limited otdyer
conventi onal papernmaki ng or paper processing additives. These 15 additi onal
i ngr edi ermpishlerghydoia\dimethglamine i palymery (EBHDMAR tand reraasithked Bolind sieekof, N '
conventional amounts. Generally, the enzyme conposition is introduced or
br ought ipetydiadyd rdireathy! wintmbniyrin ehlorgle (BGOMAT)a B Divirtiicotemidehepatyizaysye
conpositions can be introduced to the sludge during dewatering to form
sl udge f rigneneapqhemsees; arlichaldkesTie tpelpmery if afetdn the aretimdsi of the preskhoinventidd, ect i on of 20
the sludge. The contact tinme of the enzyne conposition with the sludge
shoul & preaf berused ip aneamayabandrprefebly Pr dobaze adoges of frbre alemond. Bgdund foBou houl d be
sufficient to inprove sizing of a resultant paper or paperboard product.
" Pr ef er ablly pounde perden efstudgei based ios the dden sbidsuveight off the slidge, alveiirefSrablipour s, nor e
preferably from about 15 min. to about 4 hours, and nost preferably from
about  3dromiaboutt0aS ousd to gbolkid () peindABr Whpl BIRE b 3B DIIRETYHUS02 / 37898
-13- The enzyme conposition can be introduced or brought into contact with
t he sl ud@éthatsludges indgudrapreferaple fom @boup dipodind oo atmut & pouhdsysr fomplgtidgon poi nt's, or
by pouring the enzynme conposition into the sludge, or by using repul pable
bags of dnspd orthe iriediselideneightrefthe skidge. i nt r oducti on of the enzyne conposition
can be i medi ate, slowrelease, tined-release, intermttent, and/or 5
cont i Wuous. |Theaetdimé gempositione cath also axptioriaip eoradin @thery nanvendomqab paget on can be
used, m xtures can
: 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.




be used, or any other variations as _|long as at |east one cellul ase or

| i pase enzyne is introduced in some fashion in order to i ApMR2EPzing. In
t he net hods of the present invention, the inprovenments in sizing can be

i ncor por%# e{c(i) into any papermaki ng operation. Typicall \C/ t he remai ni ng
aspect s"H1PHE* 10 paper maki ng operation can be thos&CKHERA™8 t hose
skilled in the art and can be used in order to form paper and paperboard
products. Thus, conventional additive materials used with papernaking

pul ps during preparation of pulp cah-be used as well in the present

i nvention. Continuous or non-continuous papermnmaki ng machi nes can then
convert aqueolks wusssomiosition cambe ifirdgsleced ombrought itre contanigrithdheshidge dtat o dry
sheets of paper or paperboard using such 15 conventionally known operations
whi ch i nsingwier iffestion peintioe pt vaseis injesoropoirdsy bi hydenringaiehinners compostivher

paper maki ng devi ces. Subsequent treatnents of the sheets of paper to

achi eve tihte thegludgey ercby wbing rapipebli bags ofdrg uchpuslznzyreh Theintalaivdef thag and/ or

coating of .the papersheets and the |ike can also be used in the present
i nvent i orenzymezepmpositioni cait the dmymediatenslbwtdlases timaditlensod @weroiiters,c bridn ar e
described in nore detail in 20 U 'S. Provisional Patent Application No.

60/ 215, 94ontinfigus.elt additing, M@ thR0@E fypaptknzymisicompadition ¢k bhweed; ntixour@omb r ol Or gani ¢
Contaminants in Fibers," which is incorporated herein in its entirety by
r ef er encds usph; dr anyregter veriattonsny lang apas Idasenaiceliylasa nylipese emayme isiimtrodecethel i eved t hat
the effect on sizing achieved fromtreating the sludge with enzyme before
addi ng t hesomedashienlin oglenteltiwrdvasiginpaper maki ng process, results from one or
nore of the follow ng enzyne-pronoted 26 May 2006 WO 03/ 048454
PCT/ US02/ 37898 thg methode of she predentrinderitiog,athe ompokenfentsein sizimgicérubes and fi ber
wal I's, (2) nodification of stickies and other inpurities in the sludge,
(3) nodi fincomonaedh iwé ahy geptmekiogl opératéonandydalle-thé eninbgndpey afrle adsor pti on,
(4) degradation and refining of fines, and (5) nodification of surfactants.
Havi N geersrredking opheation ¢ap belthpdsdngyrete @wse skilledinttheont andicah be tdadin andeder st andi ng
can be 5 obtained by reference to the follow ng specific exanples, which
are provitd&dmipgpesiand 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 known 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/or coating of the papersheets and the
like can also be used in the 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




purposes of illustration only and are not intended to limt the present

i nvention. Exanples The effect that' activated paper maki n92§I gﬁ’ as on a
paper sheet product was tested. 10 A papernaking m |l that recycles

paper maki dge by adding it back into a papernakin rocess was used
in the ?"#\)‘g@ﬁ“g%ti on. Sanpl es of papermaki ng st ock frPGﬁ{UtS 880,

paper maki ng sludge fromthe mll, and whitewater fromthe mll were
collected for the purpose of form ng handsheets that could be created in a
fashion simlar to the manner in whch machine board is created in the
mll. Handsheets were fornmed using the papernaking 15 stock with and

W t hout tevents &1) eradidikatian of fibad gleuctyiess aeyl Blbd wvells; (2) itodification Rf stithies dndndsheet s
were created in accordance with TAPPI standards. Exanple 1 Four sets of
hands heetathepmmarites dethedudseri® madificaiian othydwived sirgandodizetfiver boadingramdki ng 20
stock and contai ned no recycl ed or added papermaki ng sl udge. One of the
sets of Wémih@é"t)degfmt@ﬂ@nfg@ﬁlé@qf fios: gpd (Spmpdificatioonfswfacterds- t he paper naki ng
stock and either 50 pounds or 100 pounds, respectively, of the papernaking
sl udge (untr eHevg) gengsallyedpsesited the psyné dnvswsion.ds fimbergimdersterfdingpan St ock and t he
sl udge. Anot her set of handsheets was created from papernaking pulp that
cont ainecbbiaired by perenstiika Hg follondng werificedxrinples, Sdich ceenprovided e fPounds,
respectively, of 26 May 2006 WO 03/ 048454 PCT/US02/37898 -15- alumtreated
sl udge paumppshofdiusirtioeeninind ag netiigended t imé thepresanhigvadtiored sol i ds wei ght  of
the stock and the sludge. The alumtreated sludge contai ned 20 pounds of
al um solution per ton of sludge, based on the dried solids weight of the
sl udge and al um solution. The fourth set of handsheets was created from
paper nakiBxamples p cont ai ni ng t he papernmaki ng stock and either 5 50 pounds or
100 pounds, respectively, of enzyne-treated sludge, based on the dried
solids wei ghthefiect fhat astivsted papsunaking sludge hasontameper shetpradue avas e,
enzyme-treated sludge consisted of the papernaking sludge treated with one
poundlOof Aepapgrmekingomilt thas mecyrles pepsrmaling sludgsdw addiegsie backinto 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




the dried solids weight of the enzyne solution and the sludge. The enzyne
solution was BUZYMETM 2524, avail able from Buckman Labor #03¥#3%%006
International, Inc., Menphis, 10 Tennessee, and contai ned about 10% by
wei ght g@ll L ge enzynme (Cellul ase 50000). The enzyne-treated sludge al so
cont ai n8¢ 2 8g‘hnds of alum solution per ton of pape®CAERIZAFBst ock based
on the dried solids weight of the alum solution and the paper nmaking stock.
The effect that the addition of sludge had on the sheets was tested using
the boat nethod, according to a nethod simlar to that used in the mll.
The handsheets were tested in 15 a hot water bath having a tenperature of
about 40QlumFested rsipdgdhpngot dftpagermaking stoee thasedh aw ithegiriad satiiuskgight bigked twi ce as
long (with an average |ife span of 1 hour and 15 m nutes) as the sheets
treat ed wicckardahe sidgelgEhe alini-tdated] slsdge dorvaihed 28 lpountls FRluni soluti@sper tbhe sheet s
t hat contained alumtreated sludge showed about a 10%increased |ife span
rel ati ve df dudgentabedron dhealgedssotidsrweighinifitiyg stukige and tlomabletbns Mdgeth skiaxfever, t he
sheets containing the 20 enzyne-treated sludge showed about a 30% i ncrease
in life dpmishectsasceaded fion pepersidldeg muilicant:mingitiregpapdmealkdngistock ardaitesdl sl udge.
Tabl e | bel ow shows the test results achieved fromthe 50 pound per ton
addi t i onsS0@burids enl Mdpoamty, resptatiecy, @ ereludgeted Aluligebisghdnsthadried dolided sol i ds
wei ght based on the dried solids weight of the stock. 26 May 2006 WO
03/ 04845 aveiaTof IBOROB 280 Bie cAfmTabked sludgSa ik endympdrested Andgentonsifed Sifudge  Anmount
of Sizing (Tinme seconds) (pounds per ton of stock) (pounds per ton of
st ock) |- tleerpdpePmgkir sRidge tBatedvelittdon® patindlofsfymeSolatial pér toh dfSludzed@&d o and 8 50
(untreated) 7 1,800 10 9 and 10 50 (untreated) 15 2,700

' 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.




11 and 12 50 (alumtreated) 7 2,100. 13 and 14 50 (enzyne-treated) 7 3,000
These sanpl es were duplicated several tinmes and the resul t 26\Map2006
substantially 15 identical in each case. The sheets treated with 100
pounds | udge, whether the sludge was treated or untreated, showed
about aa’f?dbj)agsé‘%r ease in life span in all categories PEOWS%AMBe to those of
sanples 7-14 shown in Table | above. These results indicate that adding

sl udge to the papernmaki ng stock adversely affects the life span of paper
sheets nmade fromthe resulting pul plé-Treating the sludge with an enzyne 20
solution prior to incorporating the treated sludge into the papernaking
stock inproved the life span of tTbledesulting sheets in hot water bath
life span testing. Exanple 2 In this exanple, a freshly-acquired conposite
sl udge saiemipks Numbert 1 gfmhadt ofifludieed 0s agedmo@f offizifg om on@inpsenalsi o f our

pounds, respecti vel ypounds dei tprasfatogdar t(mundsfpergdnrdgeck) based on the dried

sol i ds> wei ght of the |ipase and the sludge. Treatnent of the sludge | asted
for 30 mimndés, after which tinme the treated sl udge was ni2@ed with a

paper makidagdpul p at a rafe of 10 pounds of 7 treated sl udgg5@@er ton of

recycl ed ¥4nér based on €he dried solids vi&i ght of the slgége and the

fi ber. Edoind8onbi ned pul § (eitgated) was si zed7wi th bet ween 51,800d 15 pounds of
ASA sizi gngé? 30 ton of SQapeatediki ng st ockl5 The ASA sizi ny70fat eri al was
emul si fiddand k2h pol ymer s30 @lhe-t28edyay 2006 WO 03/ 048454 PCI100S02/ 37898 - 17-
resul tind3pud s were preffHerepmé-mtatedhandshe@ts and wat er d3,e09 neasurenents
were taken for each sheet. The water drop tests is a standard TAPPI net hod
where a drop Uifesenaamples | wered dupbipadad sewertlotithdseand hibe tresalsdwérb sulistamiinllior  t he wat er
to adsorb into the sheet is neasured. The tinme that it takes for the drop
of walkder idepticativeadh casst dhe thectstivated witks 100mondd @fitha sludgaevhetheithé sludde shown in 5
Tables 2 and 3 bel ow, and graphically denonstrated in Figs. 1-4, the sizing
of each masuteptechior uhteeatdd hsbewedi abouten 26% deictelne | im difee s nig dlli egeries r eat ment  f or
each increasing 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 5 pounds of sizingl7-

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




10 pounds 15 pounds of sizing Sanple per ton of per ton of of sizing per
~ton of No.papernmaking sluda ermakin ‘sl udgeper ton of a rnakPiMay e a
~ermakin sl udge 200113066 2111946108 2222052119 2332661127 2442968129 |t

wi |l be_apparent to those skilled in the art that various nodifications and
vari ati Wrﬁg 304847 be nmade to the enbodiments of the pr PSEASI¥IENt i on wi t hout
departing fromthe spirit or scope of the present invention. Thus, it is

i ntended that the present invention covers other 10 nodifications and
variations of this invention provi dé¥ they cone within the scope of the
appended cl ains and their equivalents. 26 May 2006 WD 03/048454

PCTI US02/ 37898 -19 WHAT IS CLAIMED IS: 1. An enzyne-treated papernaki ng

sl udge consisting essentially of &ablpaper maki ng sl udge conbi ned wi.th an
enzyne conposi ti on.Additio$f@0 povngsof sladpe pdrémh of papemiakikg pdp sl udge of claim 1,
V\,hereisn said enzyne

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,




5 conposition has cellulytic activity. 3. The enzyne-treated papernmaki ng
sludge of claim1, wherein said enzyne conposition has botf N&2@oyti c and
hem cellulytic activity. 4. The enzynme-treated papermaki ng sludge of claim
1, wherein said enzyne conposition has |ipase activity. 10 5. The
enzyrre-?vroe'gﬁ)éﬁ%aper maki ng sl udge of claim 1, wherei ﬁc}él'aisﬁlz’?éﬁ’}yrre
conposition is added to said paperneking sludge in an anount of from about
1.00% by weight to about 0.001 % by wei ght active enzyne based on the
dried solids weight of both the actl%e enzynme and the sludge. 6. The
enzynme-treated papernaking sludge of claim5, wherein said enzyne 15
conposi t i WHAJISISHIAMED ISom about 5% by wei ght to about 20% by wei ght active
enzyme based on the dried solids weight of both the active enzyne and the
enzyne conposi.ti omn ZenzyAr-tesialy mapdrmadige dslydps econsiding gessdntigllye of oaposi ti on
conprising fromabout 50%to about 100% by wei ght papernmaki ng sl udge, and
f r om abouapeb¥sking sivdgeghnbital with angnzyhdddamipysitivri ght enzyne conposition, based
on the dried solids weight of the papermaking 20 sludge and the enzyne
conposi tion. 8. THbe empyepedead qapedakiapaudgelof ohins [| udhpeeinkaid lemiyme 7, wher ei n
said enzyme conposition conprises from about 5% by wei ght to about 20% by
wei ghtS actmpwmitiemiagwelulyhestdtyon the dried solids weight of both the active
enzynme and the enzyne conposition. 9. A nmethod of making paper or
paper board cobpri dhagnzy@Girdded 2RO6akND ORigO 484hin PCIhduFHO 2B eR9e - 20- a)
conbi ning at | east one enzyne conposition and at |east one paper naking
sl udge t eomhpositivalns both yaitelytiaadbeadecetliipbgetivitp) conbi ning the enzyne-treated
sl udge with a papermaking pulp to forma treated pul p; and

: 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:




5¢c¢) formng the treated pulp into a paper or paperboard product. 10. The
met hod of claim9, further conprising introducing at |east 26A4a%2ong
material to the papermaking pulp. 11. The nethod of claim 10, wherein said
si zi ng [ conprises an ASA sizing emulsion. 10 12. The nethod of
claim Q%V\ﬁg}lé%%"n sai d enzyne conposition contains frdGASERAS%5 ot o about
20 % by wei ght active enzyne based on the dried solids weight of both the
active enzyne and the enzyne conposition. 13. The method of claim9,
wherein said enzyne conposition is afided to said papermnmaking sludge in an
amount of from about 1.00% by wei ght to about 0.001% by wei ght 15 active
enzyme based on t he cehtiief & ddabtde weygh tongbsifiataid bieaseerieipigerpdkirigne and t he
sl udge. 14. The nethod of claim9, wherein said enzyne conposition
conpr i sesshalge odasitan elxpec-patey aldigde ol i goner and at | east one cellulytic
enzynme. 15. The nmethod of claim9, wherein said enzyne conposition
conpri ses -a | i paseb) cenidyingethe 2kyth6-treatddeshides Witda pdpeiedakingpdp tovdar @i N sai d
enzynme-treated sludge is added in an anount of from about | pound per ton
of paper nedeiethpulppakd t o about 50 pounds per ton of papernaking pul p based
on the dried solids weight of both the enzyne-treated sludge and the
paper naki ng pul p. clibrmidg theypeated puilp paqafapd ar gpdioad peidudade from t he net hod of
claim9. 26 May 2006 WO 03/ 048454 PCTI US02/ 37898 -21- 18. A nethod of
i nprovi ng si ziithg iThe methapef claim Pafelicd eanyshisiap Gdtadicing Cad Ngasti gk BZing conbi ning a
paper maki ng sl udge with an enzyne conposition to forman enzyne- treated
sl udge; ocvaiahto thg pgamdkiepgypre- t r eat ed sl udge with a papernmaking pulp to
forma treated pul p;

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.




5 and form ng a paper or paperboard product fromsaid treated pul wherein
. said product has inproved sizing conpared to the sizing of203Ylay i cal
paper or paperboard product but not having the sludge treated with enzyne

conposi {d . The met hod of clam 18, wherein said _papernaki ng pul p
conprisggﬂﬁmg%gﬁng 10 material. 20. The method of cPEWﬁﬂ%@?”&herein sai d
paper maki ng pul p conprises an ASA sizing emulsion. 21. The nethod of claim
18, wherein said inproved sizing conprises an inproved retention of sizing
material. 15 22. The nethod of clai#1-18, wherein said inproved sizing
conprises an inproved resistance to size reversion. 23. The nethod of
claim 18, whés.ei rA sathcl iy oningGinmp osd paped or pap&boasi prodhidticodiprisgt | vity. 24.
The net hod of claim 18, wherein said enzyne conposition has both cellulytic
20 and heni cekémbinitg & papetmaking yludge Svith Bhenzyek holpsfios toaform dBenzipher ei n sai d
enzynme conposition has |ipase activity. 26. The nethod of claim18,
wher ei n staia@d dmdgg;ne conposition is added to said papermaking sludge in an
anount of from about 1.00% by wei ght to about 0.001 % by wei ght active
enzyme based ocmmbinieg sdidiegayme-otdtedsiudgeivgthta paferniing phib & faai d tege®pidy;me and t he
sl udge. 26 May 2006 WO 03/048454 PCTIUS02 37898 -22- 27. The met hod of
cl ai m36,andherei n said enzyne conposition conprises from about 5% by wei ght
to about 20% by wei ght active enzyne based on the dried solids weight of
both-the acti foemiega yaer emelpdriverd prxiyariomaaid Osdatell @iilp, vaABreinAaip pRAIct O
paper board product made from a treated papernmaki ng pul p, said

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 18, 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 to 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.




5 treated papernaking pul p conprising a papernmeking pulp and an_,
~enzyne-treated papernmaki ng sludge. 29. The paper or papertgéaMED’%(t‘%duct of
claim 28, wherein said enzyne-treated papernaking sludge is present in
sai d PaRRS o3k perboard product in an amount of from about 5 pounds per
ton of papogfraﬁgéigfng pul p to about 200 pounds per ton SFTNSRE#EKi ng pul p
based 10 on the dried solids weight of both the enzyne-treated sl udge and
t he paper nmeki ng pul p. 7
27.  The method of claim 26, 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.
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.




