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ACKGR! OF INVENTION

Cellulosic fibrous structures, such as paper, are well known in the art. Such
fibrous structures are in common use today for paper towels, toilet tissue, facial
tissue, etc. To meet the needs of the consumer, these fibrous structures must balance
several competing interests. For example, the fibrous structure must have sufficient
tensile strength to prevent the fibrous structure from tearing or shredding during
ordinary use or when relatively small tensile forces are applied. The cellulosic fibrous
structure must also be absorbent, so that liquids may be quickly absorbed and fully
retained by the cellulosic fibrous structure. The cellulosic fibrous structure should
also exhibit sufficient softness, so that it is tactilely pleasant and not harsh during use.
Against this backdrop of competing interests, the fibrous structure must be
economical, so that it can be manufactured and sold for a profit, and yet still be
affordable to the consumer.

Tensile strength, one of the aforementioned properties, is the ability of the
fibrous structure to retain its physical integrity during use. As discussed by D. H.
Page, "A Theory for the Tensile Strength of Paper”, TAPPI, Vol 52(4), p. 674-82




-2- (1969), tensile strength is controlled by two primary factors: fiber
zero span tensile strength and fiber-fiber bonding (affected by, e.g.,
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Not surprisingly, significant effort has been expended to enhance the tensile
strength (wet and/or dry) of fibrous substrates; the patent literature is reflective of
this effort. Examples of prior art means fof increasing tensile strength are addition
of chemical wet and dry strength agents,'t;inder fibers such as bi-component fibers,
latex binders, and the like. Similarly, significant effort has been expended to
provide substrates having improved hand feel, or softness. Examples include
addition of chemical softeners, surface modifying agent, debonding agents, and the
like. Other examples include mechanical treatment such as creping, Clupak®,
Micrex®, wet microcontraction, and the like.
It is generally accepted that the strength of a fibrous substrate (typically
measured in terms of wet and/or dry tensile strength) and that substrate's softness are
dependently related, at least to some degree. That is, efforts directed at enhancing

substrate softness typically will result in a reduction in substrate strength. Indeed,

many prior attempts to improve substrate softness have focused on modifying



(reducing) fiber-to-fiber bonds via chem cal and/or mechanical treatnentg
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SUMMARY OF THE INVENTION

In one aspect, the present invention relates to modified cellulosic fibers
having a dry zero span tensile index that is at least about 35% less than the dry zero
span tensile (also referred to hereafter as "DZST") index of the corresponding
unmodified cellnlosic fibers.

In another aspect, the invention relates to a fibrous structure having a density
of not more than about 0.4 g/cc, wherein the fibrous structure comprises modified
cellulosic fibers having a dry zero span tensile index that is at least about 15% less

than the dry zero span tensile index of the corresponding unmodified cellulosic



hereafter as "DI") index that is at |least as great as the dry tensile index
of a handsheet made fromthe correspondi ng unnodified fibers. The
terms dry tensile index, dry zero span tensile index, and bendi ng nodul us

per unit b Ll e, and nethods for determ ning these par re .
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As discussed above, prior attempts to improve web softness have typically

resulted in decreased web tensile strength due to decreased fiber-to-fiber bonding.
In contrast, the fibrous structures of the present invention comprisé fibers that are
sufficiently weak intrinsically to deliver flexibility and softness when formed into a
dry web, but maintain the level of interfiber bonding to provide equal or greater
overall web tensile strength.

In another aspect, the present invention relates to a method for preparing
modified cellulosic fibers, the method comprising combining one or more cellulase
enzymes and cellulosic fibers and allowing the combination to react for a period
sufficient to reduce the dry zero span of the fibers by at least about 15% compared
with the dry zero span of the corresponding unmodified fibers. In one preferred
embodiment, a debonder or chemical softener is utilized in processing of the
modified fibers. '



section, divided by the sanple basis weight (sanple weight per unit area);
Whi |l e the neasurenent of zero span tensile index utilizes a fibrous |
substrate as the test sanple, it is accepted that the resulting tensile %
index is aVP&FEI¥e neasure of fiber intrinsic strength. THGE/USSAM eved }
by providing essentially zero gap between the jaws of the tester, as 1
conpared to a gap of 4 inches in the dry‘5‘t ensile strength test. As
used herein, the term "%E[Azi_:_f PESCRIFASN 6F TIHENVERFIGNS he intrinsic
strength of wet fibers at torma rTI1prous structure, as neasured using.a
conbi nation el ectronic/conpressed air tester as described in the Test

Met hods sect i.on. Definitionfs used herein, the term "bendi ng nodul us per unit
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tensile, as descridaqfted hefeltf HeimMahy QASiISREEL OReans the tensil® Sirdlighh 814 Wet
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to the stiffness of a fibrous structure per unit tensile, as described in the Test

Methods section.

The dry and wet zero span tensile index measurements, as well as bending
modulus per unit dry tensile, are made on low density handsheet structures produced
in accordance with the description set forth in the Test Method section.

As used herein, the term "modified fibers" means fibers that have been
modified pursnant to the present invention, such that the dry zero span tensile index
is reduced by the indicated percentage (e.g., a£ least 15%, at least 35%, etc.) relative
to the starting fibers. As used herein, the term "unmodified fibers" refers to fibers
that may have been processed via one or more operations commonly practiced in the
industry, such as pulping, bleaching, refining, frotopulping, and the like, but have

not been modified in accordance with the teachings of the present specification.



relates to nodified cellulosic fibers that exhibit a ratio of dry zero span
tensile index to wet zero span tensile index of fromabout 1.5 to about 3,
typically fromabout 1.7 to about 3, nore typically fromabout 2 to about

3. In sti l»*}o?ﬂ)&%&er aspect, the present invention rel ates perpssissaus
structure having a density of not nore than about 0.4 g/cc, preferably from
about 0.04 g/cc to about 0.4 g/cc, nore _gpreferably from about 0.05 to about
0.3 g/cc, wherein the fibrous structure conprises nodified cellu]osic
fibers having a dAs wed hepmrhe tmsi Tseftimoddk menst woed derivedafom fiopiferousos | ess
than the dry zero span tensile index of the correspondi ng unnodified
fibers; and W& ein the fibrous structure has a bendi ng nodul us per unit
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preferably ail.| eadModified Fibayapnd Fibseus Strueturess bendi ng nodul us per unit dry
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than the dry zero span tensile index of the corresponding unmodified fibers; and

wherein the fibrous structure has a bending modulus per unit dry tensile that is at
least about 30%, preferably at least about 35%, more preferably at least about 40%,
less than the bending modulus per unit dry tensile of a fibrous structure prepared
from corresponding unmodified fibers. For purposes of the present invention,
density is measured on a dry fibrous structure and is calculated as the air dried basis
weight of the structure divided by the thickness or caliper of the structure. Air dried
basis weight and caliper are measured in a conditioned room where the temperature
is 73°F + 4°F (22.8°C + 2.2°C) and the relative humidity is 50% % 10%. The
structure's caliper is measured according to TAPPI Test Method T 411 om-89, with



tensile index that is at |east about 90% of the dry tensile index of a
simlar (in terms of density, basis weight, etc.) handsheet prepared from
the unnodified fibers. Even nore preferred is where the handsheet forned %
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formed from hduitees] sdfeeners] sirfacé madifging @pynt] dedeadiag agents, land ehedtke] aowelegr ee.
| ndeed, Applicants have found that web tensile strength may actually
i ncrease r el aymgehapicaliseatmenss sech asvwahand drecrppingi e and dReicEecoptpion, Thus,

in a preferr | rment _of the present i.nventiaon. ,in Lgi .Lhe dr
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i ndex of about the same or greater than the dry tensile index of a web nade

f rom cor r espeerapuiging fibers (modiffedbarunmodified) only) as desiribed dn e TaghdMéthedit i on
Fi bers of di v%iise nl]atural origin are applicable to the invention, so |ong
age

as they are 3 e to enzymatic activity. Digested cellul ose fibers

from sof twood (dexyineeeshfd®th fordhE StrBdtares! ﬁﬁﬁ)m@@f&éwmp&wﬂné%mfpﬁ@én
deci duous trees), cotton, or cotton linters may be utilized. Fibers from

Espart o grasmodifiegafibers thatypyhehnl those anollifiedibets grratremed iatod achdndshest e
fiber sources may.al so, bg utilized raw erial,in the invention. The
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or recycled f{i Brous sources, all of which are well kng%yn T’fﬁ@t h}?se ski | | ed
in the paper MikF#R 2aarcat’ peaneiedindeisat pompasing Hieumeditne HReE bt B9 such

as northern, tngite index that is at least about 90% of the dry tensile index of a similar (in terms
of density, basis weight, etc.) handsheet prepared from the unmodified fibers. Even
more preferred is where the handsheet formed from the modified fibers has a dry
tensile ihdex that is greater than a handsheet made from the corresponding
unmodified fibers, for example at least about 5%, more preferably at least about
15%, greater in terms of dry tensile index. ‘
Applicants have discovered that a measurable reduction in the dry zero span
tensile of fibers typically provides a fibrous structure that exhibits improved
flexibility (as measured in terms of a reduction in “bending modulus per unit dry
tensile”) and softness. While a reduction in dry zero span reduction does not always

provide improvements in structure flexibility, such a reduction is believed necessary



sout hern and tropical softwood Krafts (i.e., sulfate); northern, southern
and tropical hardwood Krafts, including _eucalyptus (such as Eucal yptus
grandi s, Eucal yptus saligna, Eucal yptus urophilia, Eucal yptus gl obul us)

sul fite puy@sskdosr! udi ng northern, southern and tropical ?&%ﬁﬁgﬁ
sof twoods); and the |ike. Conpl etel y bl eached, partially b and

unbl eached fibers are applicable. It maygfrequently be desired to utilize
bl eached pulp for its superior brightness and consuner appeal . ’
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fibrous mat ebomid by theoey dnfsl ielicgtcathat ﬂ-nbﬁfciieaeaﬂﬁbgtrﬂdxﬁilhty @leﬁffﬂrtb qhd | bers.
Synt hetic poI ynmerjc fibers useful herein include polyolefins, particularly
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Tabl e A Exades ase- producing Agar1 cus bisporus

Ascoboul us furfur ceusE.j q 1@&% HI | 1 us acul eatus, A fum gatus, A
ni ger, A. phoenicfs, A wentii

ggg r 3(/:odlt Egghgghlt Pgib@fsoélaﬁverse nannai%?g% QfE ApplicAdlt W ey inveRibA s& 1ol POSUM
they are susceptible to enzymatic activity. Digested cellulose fibers from softwood
(derived from coniferous trees), hardwood (derived from deciduous trees), cotton, or
cotton linters may be utilized. Fibers from Esparto grass, bagasse, hemp, flax, and
other lignaceous and cellulose fiber sources may also be utilized as raw material in
the invention. The optimum source of the starting fibers will depend upon the
particular end use contemplated. Generally wood pulps will be utilized. Wood
pulps useful herein include both sulfite and sulfate pulps, as well as mechanical,
thermo-mechanical, and chemi-thermo-mechanical pulps, derived from virgin or
recycled fibrous sources, all of which are well known to those skilled in the
papermaking art.  Preferred wood pulps include chemical pulps such as northern,
southern and tropical softwood Krafts (i.e., sulfate); northern, southern and tropical
hardwood Krafts, including eucalyptus (such as Eucalyptus grandis, Eucalyptus
saligna, Eucalyptus urophilia, Eucalyptus globulus); sulfite pulps (including
northern, southern and tropical hardwoods and softwoods); and the like. Completely
bleached, partially bleached and unbleached fibers are applicable. It may frequently

be desired to utilize bleached pulp for its superior brightness and consumer appeal.



Chrysosporium | ignorum Cl adospori um cl adospori oi des

Coriol us versicolor D chom tus .squal ens Eupenicillium %
j avani cum Fomes famentarium Fusarium noniliforme, F sol agi
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chrysogenum can. contdisi By of ltl6f the.abbutategoriesias well anothet non-fibrous materials ‘
pi nophilium P. variabile and P. verrucul osum Pest al oti opsi s versicol or

Ph?ner Oﬁ haet suchias fidlerspodiadhesives asestindrcilitate the ongiptlspen MRS ca Physarum
pol ycephal um Pl eur.pt us _ostreat a P. | ' IR ens
Pol ypor us schwei n{rﬁiP?peé%‘x@gtsﬁ%?%g%?%rﬁgé?@?g@gg%qgﬁ%{e%ﬁ?gﬂﬁgéﬁpat a
Fyriculari A fagVAQE coRah Hoh-delilodn bR maHly F xdmiple,C QIR TibefSC bR Ot Ni @
libertiana Sclerotiumrolfsii Scytalidiumlignicola ;
synthetic polymeric fibers. ~Synthetic polymeric fibers useful herein include '
polyolefins, particularly polyethylenes, polypropylene and copolymers having at

least one olefinic constituent. Other materials such as polyesters, nylons,

copolymers thereof and combinations of any of the foregoing may also be suitable as

the fibrous polymeric material. Mixtures of any of the foregoing fibers may be

used.

B.  Enzymes

It is recognized that upon reading Applicants' specification, any of the known
cellulase enzymes and/or cellulase enzyme preparations (which may include other
enzymes, such as hemicellulases, pectinases, amylases, etc.) may be utilized to carry
out the present invention.. Of the cellulases, several endoglucanases and
exoglucanases are known and can be used, separately or in combination, according
to the present invention. The enzymes should be active and stable at the conditions,
especiaily pH and temperature, that prevail during the pulp treatment processes.
Representative examples of suitable enzymes are those derived from the

microorganisms listed on Table A and Table B.

Agaricus bisporus

Ascoboulus furfuraceus

Aspergillus aculeatus, A. fumigatus, A. niger, A. phoenicis, A. terreus and A.
wentii : -

Botryodiploida theobromae

Chaetomium cellulolytlicum, C. globosum and C. thermophile

Chrysosporium lignorum

Cladosporium cladosporioides

Coriolus versicolor

Dichomitus squalens

Eupenicillium javanicum

Fomes famentarium

Fusarium moniliforme, F solani and Fusarium spp.



Sordaria fimcola Sporotrichum pul verul entum and S. thernophile Stereum
sangui nol entum Tal ar onyces enersonii Thernobascus aurantiacus Thrausi ot heca
cl avata Torul a thernophile Trichoderma koningii, T. pseudokoningii and T.

reesei Triyedhogagsspiralis Verticillium al bo-atrum Vol vari epépu¥siiagea
Tabl e B: Exanpl es of cellul ase-producing bacteria 1 Cellul ononas fl avi gena,

C. biazotea, C cellasea, C fim, C ggbida, C curtae, C. uda and C.
turbata -1- Baci | | us
brevis, B. firnusHuBicold grisemfmd Hi nsolBos puni lus, B. subtilis; B.

pol ynmyxa and B. cﬁympramerdanaSerrata mar cescens ' Pseudononas
fluorescens var. kg ldtess’ "Cellvibrio viridus, C. flavescens, C.
ochraceus, C fulyé&,te&a%gl garis and C gi I vus' Cyt ophaga

hut chi nsoni i, ra, C. tenulssim, C
W nogr adski i and %Eé%g%?%}ﬂe&m&% Her pet osi phon geyseri col us

Spr or cyt ophaga 998}‘13 OMYCES  streptonyces flavogri seus

Ther noact i nonycesMé’fP ec'“’m"‘31'1"“’1*}4»'érm)m)nospora curvata 1 The bacteria
within prime si gri¥ecceBimmstixirontalisy cl assifi ed. The fungi and
bacteria |isted dNenrespiraécrassay gi ven as exanpl es. Presently m croorgani sns
whi ch are strai nsp&&llﬁﬂyae@mpbg,sgndpl—ivmgﬂ ens) and Trichoderma (e.g., T
reesei) are consiplgy pdgpmrtﬁénﬁ%}gﬁgy suitabl'e for the production of the
enzymes useful heg e%#]ﬂ?l cope of the present invention is not
limted to the u 1e narre m a.rus

bl h
ot her enzyne-pro lf’&fm’l eﬁf%?otl?sr‘llg’ x’(rarggtéﬁlfns r’lve(:tito?]lt
n
color

al ready exist or wi P} m‘&@v I and P. verruculosum
Pestalotiopsis versi

Phanerochaete chrysosporium
Phialophora malorum

Phoma hibernica

Physarum polycephalum

Pleurotus ostreatus and P. sajor-caju
Podospora deciplens

Polyporus schweinitzil and P. versicolor
Poria placenta

Poronia punctata

Pyricularia orzyzae

Saccobolus trunctatus

Schizophyllum commune

Sclerotinia libertiana

Sclerotium rolfsii

Scytalidium lignicola

‘Sordaria fimicola

Sporotrichum pulverulentum and S. thermophile
Stereum sanguinolentum

Talaromyces emersonii

Thermoascus aurantiacus

Thrausiotheca clavata

Torula thermophile

Trichoderma koningii, T. pseudokoningii and T reesei
Trichurus spiralis

Verticillium albo-atrum

Volvariella volvacea

Cellulomonas flavigena, C. biazotea, C. cellasea, C. fimi, C. gelida, C.
curtae, C uda and C. turbata



using nutation and selection or nethods of genetic engineering. It is also
likely, that the enzyne producing capabilities of an existing m croorgani sm
can be further enhanced through genetic engineering. A preferred

cel | ul ase eWP\PHECBLeful herein is Celluclast[err], an enzym@THBYWP4Enzyme
Process Division, Bioindustrial Goup, Novo Nordisk A/'S, Bagsvaerd,

Denmark. Celluclast is derived fromthe f‘h‘ﬁgus Tri choderma reesei.
Celluclast 1.5 L i S.:th GLH ekl 1 : P i aachi vity of
1500 N/ g. Act i Vi ?f@t“*lg*%‘%f%hé%ﬁ?%?%lﬁf‘e&ﬁmas.g'“é?‘“ s BaPREEL U 1 S (or
"NCUs"). One NCU i t?f’éy ﬁ’é%?ﬂ Ig‘f"""’é yme whi ch degrades car boxy

net hyl cel | ul ose t o >CBABIPHEEMShohydrates with a reduction power

correspondi ng to 1:#sgpdamqnagSuorgsesasyer. pllulosehut e, at standard conditions
of 40[err]C, pH 4. &elbvilticavirides; 0. favdscens, 6f ochfacaus @ fdvushCovulgariseandiC.ed
description of the acgilwisty neasurenent is outlined in Novo Nordisk

Anal ytical Method Wopﬁ%géﬁc?tclﬁnioﬁmﬁb! Alhtiakh, TN OC Nefglssika, C.

-12- Anot her p,EIEI G ;I:lﬂr%ﬁ LERRY: ation useful hereinis
Cel l uzyne[err], soég XO. T I o e%e\“ S

ess on, Bioindustrial G oup, Novo
Nor di sk A/'S, Bagsv s_en&?llcis’ zyme 0.7T is a granul ar cellul ase
preparation that h&8F REYXEEICEPICHS of approximately 700 CEVU/ g and is
derived from Huni cStapiomysesciayogmispiisacti vity is deternined on the basis of
Cel | ul ase Vi scosi t {THenmoactiaGiaytds spiider specified conditions outlined in
Worl d Patent Publi qakmisindvdspoi®cldvath7243, published Novenber 14, 1991 by
Rasnussen et. al (the disclosure of which is incorporated herein by

f I j -AE2 253 ilable f
Novo Nor dl sk T BackBighbifi PABle kit Bre MRS Bpriibd. 25 L Ear et on user ul
herein is Pergol . sal.d by Gipa, .G b NC. Th | A40
uged 1s 5 11 auid- caP s a8 tapaia TR <PRuE S vl i AABPlR o GO et
of appr oxi mat gli¥rodffanidms vARCHERSHaRH of@iﬁ;ﬁi@ﬁgk@.‘g{jﬂ' §l amd gri ved

from Trichodernma reesei. Pergolase A40 IT's a nmixture of endo- an

exocel | ul ases {e.gyLarasei)sara cahsiveradopastioadarly suitable f@tthe prodntidnent the eszpmesd

cel l ul ase chosen, for .econom ¢ reasons is a,product sol.d.under, t he trademark
Carezyme by N¥ i 01 ApesSC0pS, OF SfrRressnb iryeRion s o] limitedde i e o e
preparation t i :  acfi wit f BieO%h of enRRR-fEYidigy The
activity is dg%??naﬁéﬁg%lﬁ%ﬁg?baslﬁswof%gl?‘%Piarse V?t?gg&sity Unit's (CIIEX%J)
under speci f i adcroorpghisingssitabld for tledpriesent\invientidtealesatly Bxilst orcwidli endeMelopatiD

91/ 17243, published Novenmber 14, 1991 by Rasnussen et, al eind govy gordi sk
Anal ytical MebFiBg myationanisselection oz methodssofogsnplic epgipreringr It s #Fo dikeYs ani | y

45 that the enzyme producing capabilities of an existing microorganism can be further

enhanced through genetic engineering.

A preferred cellulase enzyme useful herein is Celluclast®, an enzyme sold by
Enzyme Process Division, Bioindustrial Group, Novo Nordisk A/S, Bagsvaerd,
Denmark. Celluclast® is derived from the fungus Trichoderma reesei. Celluclast®
1.5 L is a liquid cellulase preparation having an activity of 1500 NCU/g. Activity is -
determined on the basis of Novo Cellulase Units (or "NCUs"). One NCU is the
amount of enzyme which degrades carboxy methylcellulose to reducing
carbohydrates with a reduction power corresponding to 1x10® mol glucose per
minute, at standard conditions of 40°C, pH 4.8, and a reaction time of 20 minutes. A
more detailed description of the activity measurement is outlined in Novo Nordisk

Analytical Method No. AF 187.2 (available from Novo Nordisk).



endogl ucanase, EG V ([err]43,000 kD nol ecul ar wei ght) or honol ogues

t hereof, derived from Hum cola insolens as described in WO 91/ 17243.
Variants of the famly 45 endogl ucanase found in Carezyne are al so

descri bed y Pat ent Publication No. WD 94/07998, publj LI 14,
1994 by ngg%)gfﬁglﬂn’ et al. (the disclosure of which is incﬂcﬁsﬁg)[zs%ll gherei n
by reference) and are believed to be usef4l in nodifying fibers in
accordance with the present invention. As used herein, a "famly 45" enzyne
is an enzyne as deswmithdretefemed Eillula86 piepatior hisefdll herdth ¢ QeMMizymhe®, YOI by293,

p. 781-788 (1993), the disclosure of wﬁi ch is incorporated herein b
reference. EnzymetProgesgdpiwision, yBintuluptriati Group, Nbeo aVierdigk usds) aBagstaendid i n
e e oo DieiPloud Sy alb 7t i€ Rhdlar AufbSd pidpR3ton Hial nidl S5me
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reductions in dg ero,.span tensile are found with all enzyme preparations,
whi ch suggest®® CRP‘H’@g‘i‘saﬁb}ﬁ’éle‘éfme%%?é&%IH“&E%‘W&‘ Nt i W& ﬁlﬂﬁg‘%e used
to reduce dr I rd Layend | .
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i sol at ed enzjnverpuratpdhereindby referdicepamblNbve Nyrdisk AnsletigdMeahad WNbj AR 238nt ai n
or produce cellyl gse or_cel]| ul gse-degradi ng enzynes may be conbi ned
directly wi tﬁavﬁﬂ%ﬁF%[?&gmf’%NWﬁiﬂ‘i)f i cation. C Preparing Mdified
Fi bers and Corres ' ' t : Dl i fl.d

Fi ber s In 529%?‘2?‘?5 %ﬁ%_%‘gg{eﬁ%@ﬂsﬁ@} e inPebgoldBh WG () o
fibers of thbypCitagrGrebmbery iNC. i STHRC Pergeldss®eddDyuadding Hquid cellulase

cel l ul ase-contai ning enzymatic preparation to an aqueous slurry of fibers,
and stirri ngpreparaipy that bas g activpgrotein confent of approximately 0 g@idsonedoyred he

Ty P4 AR G et ot ol
conbi ned w tgnﬁxgg%)gfe]%gg_ Hd %g%nrﬁéksaﬁ%ﬁ&?én%é err to herein

. 1}
col l ectively as nding a eved to preserve the

fi ber norphol ogy BStilliahothet prefesret lealiulasdhioberf fop BeondANEPdabensds hipastuctisvl@bt ai n
fibrous structures hﬁyin the appropriate properties for desired end-uses

such as papePR{s s ga Grarezne® v Nevo NewlifkA/Sq feprezyme® RE L jsta lignid

preferred th | be reduced 1 l.ani |§e r@f\rﬂ”ng
the nodifi catgéllglfr]lésg 5%%82%%5""%%&“ %151‘?23%?91 ?cet}ﬁg%’tfisésngﬁé’z\}m BIr 8’(§§gn ze }tjghat
fiber treatn®he activity IsidereemirRd omathy iR eITUCEIMIRL , ViseUsite iRl (CEVUNeuniRt Ur €
of the fiber beiin% treated, the en.zyme(scz bei ngP o
specified conditions outlined in” World Patent Publication No. WO 91/17243,
published November 14, 1991 by Rasmussen et. al and Novo Nordisk Analytical

Method No. AF 253. Carezyme® is composed primarily of the family 45

endoglucanase, EG V (~43,000 kD molecular weight) or homologixeé_thereof, derived
from Humicola insolens as described in WO 91/17243. Variants of the family 45
endoglucanase found in Carezyme® are also described in World Patent Publication
No. WO 94/07998, published April 14, 1994 by M. Schulein, et al. (the disclosure of
which is incorporated herein by reference) and are believed to be usefui in modifying
fibers in accordance with the present invention. As used hetein, a "family 45"
enzyme is an enzyme as described in Henrissat, B. et. al, Biochem. J., Vol. 293, p.
781-788 (1993), the disclosure of which is incorporated herein by reference.
It is generally accepted that the endoglucanase found in Carezyme® does not

degrade highly crystalline cellulose, but degrades amorphous cellulose mainly to



used, and the like. As such, the follow ng description may be nodified

accordi ngly, depending on the specific.materials being utilized. (¢ 1
general, disintegrated pulp of the desired fibers is diluted with water to
make a fi BYOS8Ilrry prior to conbining with the enzyme. PEE/USIBAI: 1
preferably has a pulp consistency of at |east about 0.5% nore preferably %
at | east about 1% still nore preferably-"at | east about 2% As used herein,}

"pul p consi gk e | . ¢
04"t near e, LR Seftctaose. Cellugast®, Collumyme, and Berglzeed
the pul p conai shenothepf hirte At utonibinations oM ehderoasd t &xsoglddaaases 4@fd/ot O
facilitate m Xi'%gl of the enzyne and the slurry. O course,, higher

o
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and will be dﬂ;@k@/ﬁ:ﬁﬂd‘éﬂl‘lu&’ﬁctaaﬁvi R Ibé st to redhicé dey zérb%%)&ﬂi’e_hmadébfdiﬁgz ed,
the fibers being treated, the degree of dry zero span tensile reduction
desired, thdo thepresgntiinventivex at ure of the reaction, and other rel ated

condi ti ons. T H of, t fibrous . slurrylenzyme m xture i.s.adjusted,
i f necessary, toIfWéﬂ]ﬁi) petized that qnzyme ad t‘?ﬁﬁémﬁﬁyé‘ﬁﬁ?‘b‘%a‘.‘wﬂlﬁg H

adj ust nent, ca ri QAL RsehO ite i ng of
he-enzyne Sna TR fREen, CSAIRAENY QR drdsbeplhls AfchXorin sty BRONEE "B
control | ed usilugsevar ¢eblniosbdbgradinganzyraes mayg bacotbined disestdy with theafibers
particul arly preferred enbodi nent using Carezyne and/or Celluzynme, a pH of
from about Ho%@odifigaiony | s preferred. For other enzynes, such as Cell ucl ast
and Pergol ase, a pH of about 4 to about 6 has been found to be nore
preferred. After @onbilrepagingModified BiberssandrGorrespondingelibrons Stmgtusest | onal pH
adjustnent, the mxture is reacted, preferably with agitation, for a period
sufficient to reduce tihddifi&al Fibgisri nsic strength in accordance with the
present invention. The tenperature of the mxture is pretig |y cantrolled

bet ween ?bout 80 Iarg&nqreb[eézmv,trem; gfé*\bews45|cgbt%@heamdw{§‘[a§b¢rf of the j | |
4 F ' : ]
WL be’r cadtesint SRR A8 dthodolaCed 'Rl i biRe SBtathing Vol P,

for at | eastpréfaedtionOtoSar @giicous QUSTY 6P fidetsy Rhd tilringf the Mmixthreafr Aperidd 1
hour. Typi calgl the m xture will be reacted for a period of not nore than

about 4" hourssfficignt 4o wllpwcastipy byothe repryme taymadify the Inorphelegy of the fibeggai n,
t he skilled tisan w cogni ze that differgnt t] i kions,
concentrat i (ﬁée’r niqﬁgl_g. #ﬁjf'ﬁ °TP BYUFTRES Qfe%%ﬁt?oé\’/ﬁ"%t%é&%é%% $ %@?&pg@t:hb%h

nodi fi cat i Othot HeRSalY) ToBibircdowith R&ebortir B9 chéfiRhesbftehbie(reREvdes hirelif ed,
the reaction tenperature, the reaction tine, the degree of dry zero span
tensile redwsotlediveljess reddetdndingy pgensf) waght it ibelievsdpicopeeserventhet lidet i ke.
The determ F}chrbﬁ&og rr?(?cﬁvﬁéa%%rsxse tﬁ’a"%”r'e?ﬁi ?rsomrr%Xzyl?neatié action. To obtain fibrous

structures having the appropriate properties for desired end-uses such as paper

towels, facial and toilet tissues, and the like, it is preferred that fiber length not be
reduced to a significant degree during the modification process.

The skilled artisan will recognize that fiber treatment conditions may vary
depending on, for example, the nature of the fiber being treated, the enzyme(s) being
used, and the like. As such, the following description may be modified accordingly,
depending on the specific materials being utilized.

In general, disintegrated pulp of the desired fibers is diluted with water to
make a fibrous slurry prior to combining with the enzyme. The slurry preferably has
a pulp consistency of at least about 0.5%, more preferably at least about 1%, still

more preferably at least about 2%. As used herein, "pulp consistency” is the mass of



adjusted is well within the level of the skilled artisan.

- 15- Applicants have found that while beneficial intrafiber

weakeni ng can be neasured on the wet fibers after enzymatic reaction (i.e.,
reduced weyosgkesppan tensile strength), a certain anount Olicf/ﬁfs»sh%l ced
fiber strength is lost on drying of the fibers (i.e., dry Zero span tensile
strength). (See Tables 1 through 9 bel ow;y. However, by addi ng a debondi ng
agent to the wet enzyne-nodified fibers, a further reduction in dry zero
span tensi | e b diters dinidéds by dtheetosli mess of fthéeshary.r eBtefetabliy} e palpre

al one. Applicants hav | g0 fo that while certajn debgndi ng agents do
not provide &°%% Fﬁcﬁ'iogéﬁﬁ 51’%&%’?%6??% morsAqsn ghou ﬁ@/"ﬁ quécgl,tatg rEying of Hheovi de
fibrous struehifs ard theRhupyedok! ikl hi s Yid ti ng the
structures' dry tens‘?l e stu%nggﬁ.%sg’shig{& }%r)lﬁa %Hgﬁ]ﬁiéﬁ{ g‘ﬁ&ybépg{e? eerdr{é]‘d
ermbodi nent, gkdcticinghthe rprepehs inventi@ac Th @enexal, td eepardt® eabyiné Wohution tibalgnzy me
sol ution, a debondi ng agent is added to the mxture and is allowed to

react, typi c®FPpredoprioy: o) eombinatinswith ghe dibersd s The gopgeatratiom pf the: enzymet
about 5 mnu : f far at |le t m_nut.es about
about o M SSRLBRPLEYRIRLS) AR Yoh O A SpRt AR R NG o o0
agent may beeagdest tlidede the BBES BiRhORaRd, W idBgres WTOERAREBNspaht@ndifee
enzyme, so long as the debondi ng agent does not interfere with the activity
of the enzyméedyction gesired, the time\mpd dishpariiturg ofgthst rqactions odndenthey rklatedn i n
the art may he 4{.i |ized in this preferred enbodi ment. Exanples of useful
agents are t &PR ?@f‘ am nes and derivatives thereof; am ne oxides;

quat ernary am nesusink - gt méu d
fatty acids and fattéyl/)k—laci g??fd"tﬁ‘gsl alikengﬁqéﬂlﬁgﬁﬁéﬁ%@?ﬁ%ﬁ; I’E{g{r?%l
succi ni c aci dpprapgate d¢veb faraheliengyrad k@ployed U qhe 1 adinsinidht, if deddséaty, ¢HNo-,
di- and tri-esters, including but not Iimted to stearate, palmtate,

ol eate, myri SEAN Priopin duding waefersemnthiniag of shecenzymaraadghe fibous alueryddender s
such as cl ay ilicate fillers. Useful debonding agepts are descrj bed
in, for ex anﬁﬁg‘%tﬁf §.su@35 SR may PSQS’,‘W?%(WS%‘@H‘%%B‘.‘&B‘? Of JFBOUSHCISr vey |

t al.), US t . 2 ol , l.),
O s Paient b, a2, Prietiafl pief Rl S iimeht yqink] ey bfd S 71 -
Pat. No. 3, 7Uslle2ne®,sonié df fag. abdbt 5 iPabut © ispriferredk Rar otler knzytheS, sucht . No.

3,844,880 (issye t, 29,1974 to Mejsel et al.), U S, Pat. No. 3,916,058
(i ssued Cct. aﬁg{eﬂﬂéh%@tgd\kﬁg‘ﬁ%se@s gapH)of ahout 4 patabopist has been forpd 10 beyed

Jun. 7, 1977 pf{ e W@xﬁr&sl .J\ﬁereéon%ini)ng the %‘br(ﬁﬁtsm'}y, Mﬁzyrﬁe,oeﬁx%’ én?gorftioiﬁlu Jan.

17,

adjustment, the mixture is reacted, preferably with agitation, for a period sufficient
to reduce the fiber intrinsic strength in accordance with the present invention. The
temperature of the mixture is preferably controlled between about 80 and 160°F,
more preferably 100 and 140°F, still more preferably between about 120 and 140°F.
Typically, the mixture will be reacted for a period of at least about 0.25 hours, more
typically for at least about 0.5 hours, even more typically for at least about 1 hour.
Typically the mixture will be reacted for a period of not more than about 4 hours,
more typically not more than about 3 hours.

Again, the skilled artisan will recognize that different reaction conditions,
concentrations, etc. may be required to achieve the desired fiber modification, -
depending on the fibers being treated, the enzyme(s) used, the reaction temperature,
the reaction time, the degree of dry zero span tensile reduction desired, the type of
agitation employed, and the like. The determination of how these variables may be

adjusted is well within the level of the skilled artisan.



-16- 1978 to Hayek), U. S. Pat. No. 4,144,122 (issued Mar. 13, 1979 to
Emanuel sson et al.), U S Patent No. 4,158,594 (issued Jun. 19, 1979 to
Becker et al. % U.S. Pat. No. 4,255,294 (issued Mar. 10, 1981 to Rud

al ). U S.WeaBEI No. 4,314, 001 (issued Feb. 2, 1982), U. S.PGI4YSI8fg3
4,377,543 (issued Mar. 22 1983 to Strohbeen et aI ), US. Pat. No.
4,432,833 (i ssued Feb. 21, 1984 to BreesP-et al.), U S. Pat. No. 4,776, 965

(Losuee Cole T aBhchts M Sl ol e "‘7&3‘“‘32‘ FHRRE ke v ' 557

1990 to Yanmameasured oal the, wéd. fiberSafter Serymati® ¥8actién ((.es Sethiéed\bl@:t zéib, s;ih&l90 to
Walter et al.), . U S Pat. No. 5,026,489 (|ssued Jun. 25, 1991 to Snow et
al.), US. P&tnsx Ipgtrengtins a cm@n(amxgbaf @erxe dyegd fibgostrangtipis agrpecisyingtofal | ) |

U S Pat. 5 665 Rat .
No. 5,552, 02 de mg%g g, é‘%?‘ E?Sf% 3‘158“' §Fﬁe% tt(g‘TeK?Mi?eg %é%h %ﬁw

5, 558, 873 (i Welsﬁ? addihg alf86ndif %Eg’dihlé t@fheaal/et)cnzy%egmoaﬁied fiters, . fzRlero66
(i ssued Dec. 3, 1996 to Syverson e Publ i cati on Nos. WD 97/01470

(publ i shed byeductioryini dry @arorsphn t@sﬂdﬁ@)?)m amx@mwmran(vpsmﬁbmudatb@wm
Schroeder et al on Feb. 6, 1997 04424 | by Vi nson on
Feb. 15, 19985‘23’“?%‘06‘? - AyPRlicants %?Ve@g%%}[d\gflg\x‘ﬁ c}'?}‘ é%%ﬁ ?“S’GP&P&? s 4o by
reference. Phef g Si3aihf%eAGRRNIn 2SO HICKBLE, MEP doAirbABE Hibiise! | al s
such as quat ern y amm I um conpounds, 1 m dazol i nium cohpound ot her
such conpou n.dlsucmrékl of dhipphati fexitiBtyuwitheul miverselyaimpaativg thmstim:mresﬁ adms. The
carbon chains m nsubstituted or one or_ nore of the CH s may  be

substitut ed, &S styﬁng - hépE peshy In g partigulariXpreferred embrfimentyplte: Bfe‘lﬁ‘tﬁatﬁernary

armoni um deb e

amront i Seboagha R IR g YRR U ShAhd i, ISRURIEBLATPLA B

di hydr ogenat gt indtth@varnt f@hlwmmamtyﬁww ferudtf lehse . aboli80 se¢cide randd
debondi ng agents for use herein to inprove fibrous structure flexibility

are al kenyl greferebly at leastpboubhminutey andcmeneaspfmalyh@r at leastypboutQamingtese
lts. Non-I | f d. d
O?t aZecen;I slﬁg% HP go %ﬁ‘g@%{ﬁ%ﬁﬁ %ﬁ@gg%vpiﬂ g“i” b% raCI%]Z%ﬁgR‘fqlﬁg 3ebon§ing

corr espondi Nggd ey et £ldedkd the fitts Befbre! diueihg lcbmbalalien yithSthe ehRA& oW t h
mul tivalent nmetal salts or cationic debonding agents is particulary useful

at further réangcanthet debobdingi aggnivdoes et iptarfeomivithdthe aativaty| of e engpmei brous -
structure. BJH{’ not wi shing to be bound by theory, it is believed that the
debondi ng ag |nta|ns the fi ber "damage"

Any debonding agent (or softener) known in the art may be utilized in this
preferred embodiment. Examples of useful agents are tertiary amines and
derivatives thereof; amine oxides; quaternary amines; silicone-based compounds;
saturated and unsaturated fatty acids and fatty acid salts; alkenyl succinic
anhydrides; alkenyl succinic acids and corresponding alkenyl succinate salts;
sorbitan mono-, di- and tri-esters, including but not limited to stearate, palmitate,
oleate, myristate, and behenate sorbitan esters; and particulate debonders such as
clay and silicate fillers. Useful debonding agents are described in, for example, U.S.
Patent No. 3,395,708 (issued Aug. 6, 1968 to Hervey et al.), U.S. Patent No.
3,554,862 (issued Jan. 12, 1971 to Hervey et al.), U.S. Patent No. 3,554,863 (issued
Jan. 12, 1971 to Hervey et al.), U.S. Pat. No. 3,775,220 (issued Aug. 28, 1973 to
Freimark et al.), U.S. Pat. No. 3,844,880 (issued Oct. 29, 1974 to Meisel et al.), U.S.
Pat. No. 3,916,058 (issued Oct. 28, 1975 to Vossos et al.), U.S. Pat. No. 4,028,172
(issued Jun. 7, 1977 to Mazzarella et al.), U.S. Patent No. 4,069,159 (issued Jan, 17,



-17- caused by the enzymatic attack on the fiber. That is, after the enzyne
alters the norphol ogy of the fiber, the debondi ng agent prevents the
"repair" of the fiber, at least to sone degree, that otherw se may take

pl ace upow(pg\%és%;g. This in turn increases the flexibility pfrhiesesul ting
fibrous web ITe maintaining or inproving the fiber to fiber bonding. In
this regard, other materials that perfone the sane function may be used to.

enhance dry zero span tensile reduction and fl exibili t‘é).o The debondi ng
agent wil | pk958apdiayekhdl.8dbadNat 4444.492 (issfed Avlan. d3s 197 hiouEmanyelgson et

preferably at .| bout 9 re prefera atn, | eas on a
dry fiber baaé'l)’sﬁ%sf ty"ﬁ%&ﬁﬂPy‘?’l%%9‘{1&%%9%91398%9 '\R/i}?ef& eétaag‘g‘ce)dg'tsa? a‘?ﬁ%va of
from about 0y 454 SopRaukd Mar, 181981 XPReAY leY al.y, IS 2Pt 100.24,3 D, 0010(1$suddo
active matter on dry fiber basis. The percentages given for the amount of

debondi ng adgeebt 2j $982)y BiS.aRat.aNo.ahB T4 % (iseed Mart B2, 1983ctosStrefheern 6t al), ampunt

t ual | tai ned by the fibers. ' h that i h
Sl 7oL 0, D NS St e of SO ARl ASUR PR
| nventi on S4,ﬁ%g%f@%§r?g&%|{.%f 198% :'o%le@sl@ifnfe?%{.j, s [BR. 14694,995,950 disted €7 O

span tensile I'e* agitation 'S not” necessarily required

accordi ng tojahhe, POSE eNBoéreneet AIONU.S.MPgeNer 49370808 t(asuahJum 264988 t¢ he
reduction in dry zero span tensile, other conditions b

C in \Qﬁ sane,
| ndeed, as s¥emamhre ehadlS. Pat. é???d“i%oééﬁt(isé‘l!ﬂda'ﬁuga%‘pllggo %‘D tr ehaldnher e
t t t of t, 1 0% ' | ' ' i gh
ntons: ty | aUgh dity oS ROAR O RUE FHRY 25 1oV g by ) LR PPN O
than those odheaj 196l (4sieAISdpOW4] MOENE Blumbalopf @t 41.Y)0USSFuRl No 1 £529665 | ower

consi stency slurry, all other variabl es bei ;? the sanme. The high intensity
| abor at ory nisseed heeds; 199%6taKahe etlali)sUds Ret. Ao §,558080 fissued Sep- F19984@nt t he

Lsad T 1 oSt st A St el Nor Hes SBT3 Bl Yoo 10oF 6 FRbiSf: A0S, e o
par amet ers aﬁ&.ei%?@,?gé iSs : F5eR€3 Of 99800t SYvieiBn ieP &1L PET Pisblication Nus. Wari t ed

to, consistency o e mxture, mxing rate, and 'size and geonetry of the
reacti on ves$uD14#0(publéshei by Kyyzisik aeFeb. 6, 1997), WO 97/04171 (mublighaddy W.

ol 11 od- 11 bSFHEOREt 8 ABEcbrind SA7% BN STQ Brodes dpeisardh §7 MERBiont B cnown
Convent i onal 15 1508k BcdiBeurd 07 e 1P hiSh 5§ INGptaed OReif P EeBenclly
wei ght, cal i prffertddndeblsidiag hgentd fiprnise heyeimae cationio gidteridia menkt asr quatanay
suitable for the intended end use. A fibrous structure of the presen
i nvention cagmmeniyeneempoupdsidmidazaliniymecasenoyads, Angp ESW%F% Wﬁ‘ch t he
aliphatic, saturated or unsaturated carbon chains. The carbon chains may be
unsubstituted or one or more of the chains may be substituted, e.g. with hydroxyl
groups. Non-limiting examples of quaternary ammonium debonding agents useful
herein include hexamethonium bromide, tetracthylammonium bromide, lauryl
trimethylammonium chloride, and dihydrogenated tallow dimethylammonium
methy! sulfate. Other preferred debonding agents for use herein to improve fibrous
" structure flexibility are alkenyl succinic acids, and their corresponding alkenyl
succinate salts. Non-limiting examples of alkenyl sgccinic acid compounds are n-
Octadecenylsuccinic acid and n-Dodecenylsuccinic acid and their corresponding
succinate salts. Ion pairing of the alkenyl succinates with multivalent metal salts or
cationic debonding agents is particulary useful at further reducing the bending
modulus per unit dry tensile of the fibrous structure. While not wishing to be bound

by theory, it is believed that the debonding agent maintains the fiber "damage"



enzyme nodified fibers are distributed randomy as in "air-laying" or
certain "wet- l|aying" processes, or with a degree of orientation, as in
certain "wet-| ag/i ng" or "carding" processes. The fibers can Qllptional ly be
bondéd t og¥PA¥FS® th a pol ymeric binder resin. Conv &f{l/B¥P41a943
fibrous structures of the present invention are nmade by wet- | aying
procedures. In such procedures, a web i s'Mfrade by form ng an aqueous

paper maki ng f | LSk t] AT IS L5 | s of
t he present i°§5%ﬁts‘5’o§@%g‘§?§? ?ﬁ%&t %r?lglemfr%rﬂ Ztﬁ%ﬁ?’o a ftg?ghn%ﬁgﬁésrgﬁeace,
such as a Foumeiphology ofiitiecfibaantheldebbiiding lagem\préev@ntsathe "répairtnof htige fibémiash,
for exanple by gravity, by vacuum assisted drying and/or by evaporation,
with or withdeast e semiendgeraeo that enthdryiseomay dake plaesi yipen dayingr eThis idduim ed

fib i stency. . ki us is.
earrange.  hdrares i ARSI B R R S B Pt 2Bt or ng
proceeds in ghdeibet B HBETbARAT. Oln BRPGELRE, %thﬁeﬁi'afeﬁmsethﬁﬁ b&?&'}&‘ﬂ}]ehﬁa%ﬂﬁ ed

bul k, appearance, absorbency, etc. ‘The "paper maki ng furni s
to form pref dunctibnimdyr benssed to entianceedryerssesyian adrisile codnptiorsasl Bexibidjoe olise

SR SR RO E XA A T A TR
factants, I | L4 [ ..and
Fuch a2t ke o2 Thae OS5 L LA AU 09 e

whi ch utili zeypidaipethericbaglimparent vl behted o dtevebsfiromvabogt Partoidbobar | y
useful or desirable fiber configurations, Such configurations can serve to
i npart such &farmetecypically. Srost abaws 0 pe abow 3 Yasacting anattes apudry, fikgs hesisency

and strength..One_such proce npl oys .an i mpri.nting,f.abric in the

paper maki ng !’)l‘lhgcpeegéenfqgg? gé"&?\?@% ﬁieoam _ r(fq‘ Aﬁ%ﬁ%ﬁ% IaggBa{? YR B arhf’ﬁ‘r?_“ﬁ‘ensi ty
and | ow densizieZ@RS fibéts ot Afad SRstdt aBGaRPRAAInMESY thé fibefiCess of this type,
and the papernmaking apparatus for carrying out thi's process, is described

in greater detail Applicass h@et fownd 3ha80the Wegree Sdragisatiore during jreatmentiefl thkanuar y
31, 1967, whigh i [ ted by. f ) . . .

Cro- ARG Hhepr o e rereT YRS 1 415 a0 dmpgrta Yavaklegsring the

paper meki g YapRedF Ay 2efo 9;;&5& k Bef/?fugﬂ%:?e e R8RS on¥8 Rot Reek&iariBy fé@;ﬁgédnct,

conti nuous network reégion Torne urality of "dones" disperse
t hr oughout t laecardingaokthe eeesent iovertion, fupateral) agitaBor hnateases ther redfictioreih by

conpressing an enbryoni c web_as fqrped, during the rmaki ng .process into

a foram nous%ﬂ%ﬁreé ."ﬁ@?f%?’ ??931"(?@‘5 Qe’ﬁgtﬂ?eeﬁaﬁﬁd Iﬁ@#&nﬁ@%ﬁg’flg a?‘Bf%Ed by
a purallty of RS Bificusd sHnplls U0 | ! 1PN whER bdheh o N 10! 2551 O
menber surface. process of this type, and apparatus for carrying out such
a process, i sonsistendytshuiry cargédaitaisinges bigh intensity Saboristonnmixer pitfide3dibers

of lower dry zero span tensile than those obtained using low intensity shaft mixing

(Sample 1E) of a lower consistency slurry, all other variables being the same. The
high intensity laboratory mixer used in Example 1 is generally recognized to
represent the mixing intensity found in medium consistency pumps and high shear
mixers used in industrial practice. The skilled artisan will recognize that parameters
affecting the degree of agitaﬁon include, but are not limited to, consistency of the
mixture, mixing rate, and size and geometry of the reaction ve‘ssel and the mixing'
device.
il. Fibrous Structures

After enzyme and preferred debonder treatment, the modified fibers are

formed into a fibrous structure using any of the known methods for web

manufacture. These fibrous structures can comprise any conventionally fashioned



(Trokhan), issued July 16, 1985; U. S. Patent 4,637,859 (Trokhan), issued
January 20, 1987; and; U.S. Patent, 5, 073,235 (Trokhan), issued Decenber 17,
1991; all of which are incorporated by reference. Another type of

paper maki Rgo p§6xegss, and apparatus to carry it out that ispggiisegt®sd or
maki ng | ayered conposite paper substrates is described in U S. Patent
3,994,771 (Morgan et al.), issued Noverner 30, 1976, which is incorporated.
by reference. Still another papermaki ng grocess that can utilize

the fibers Seet o wabebaving isniiahle ibasisi weighte calipsr (thiskness)s absqgrheray akth havi ng
a continuoug, high.basjs. wei ght, .n rk_regqi.on,surrquadin | scre | ow

basi s wei gh‘%epgtgi %‘ﬁ?c%eﬁgcs\/éggblﬁﬁlgm@S PWE sqnﬂd’s%f %ﬁgﬁ"ﬂg Stg%“‘l%freﬁgsli’%g zones
of di fferingedehPiliveMidrSéaKeSfendall3 A8fifkd 4% Fbdted fikIud prodict B Which gy

resi stances. In general, the basisS weight of a given region is inversely

pr opor t i onainzyme mhedified fibers sires diatribatedfrahdwenly aisrie S piotajiing) orovedtainf "wdte

form ng belt.. A process of this type, and apparatuys for, carrying out such a
process, i s]aﬂégcﬁ’??f@ﬁﬁe?ﬂmg% t & 1degrse Af| oneptation, apan LRFaI], ﬂ?ﬁ@?& (9% okhan

et al.), is %%Sr 93: . : } OE‘E' an et
al.), i ssue?%ﬁﬁﬁ’%, Qgilég]r?égﬁgOQBQ?%&%C%(%?%%E&?Q%‘%% 0 a%%gt al .),
I ssued Jul ybifider1&f; t he di scl osure of each of which is incorporated herein
by reference. Yet anot her papermaki ng process_that can_utilize the

fibers of the priéepisntionallyefibioyn stricterss of HigtPreseatinyenion arajnade dy yeber web

havi , ' f h | (el
Shor t Ut ber BingprbEecites”PHY o pEGsurge . $ER dy Tndd® B SottThi el S *1 Y
interfiber fpofsakiige ke orh s peARIy & all| deymenssifieth fibeRP6L U

tactility. A process of this type is described in detail in U S Patent No.
-20- 4, 300pre®nt (wventiomnddpositing ubis fummishinato &7 foramp@ous shdacsi sutloasrae of

which is ingcorporated b f erence herein. ot.her. paper I ng
process en&l’c% & Wr‘%uéﬂ‘gjﬁ%‘ha“ fEBrYRE H‘éq?rngo’inn%lfégg\lgh fﬂﬁﬁgf{’&ggyai sed
above the pirangy, 8 vabiurh abidtkd arliiSad/dityeSabaiord; VAR 6r WItRhit Pedseig, | n the
t hroughdri ed s%ee?, and prévi de theﬁs%eet W th s(t)retch I n thellbgérsosg-

machi ne di rtedhéreby folmpa fibmms striictodei of deyiped fiberdonsistelnyd Inrmaayr ecasesathePat ent
Publ i cation No. 677,612A2, published Cctober 18, l}995 bé“ﬁe V\éndft het al .,
the di scl oSRAPETRAKING,2PPArAWS {1835t Jit ¢ Jgamranes; thep{jbetsrig, B dlumry of the 1o
preferred fi ‘q’??“' ﬁﬁ.ﬁfs r iar I I |4 3 can be
| am nat ed t%agét err.?é am ﬁzf’? ?doe%?’%&g%xg a%égﬁé?ﬁ; g?ldé‘gg?rf?lg%’ vgel?te difﬁe%g%)&n%irynat I on
wi th an enbdesiablestpengtis dand; bulk, bpgearancglabsabércy, etf. pr ot uberances in the

| am nat ed

The papermaking furmnish utilized to form preferred fibrous structures
essentially comprises an aqueous shurry of the modified fibers of the present
invention and can optionally contain a wide variety of chemicals such as wet
strength resins, surfactants, pH control agents, softness additives, debonding agents
and the like.

A number of papermaking processes have been developed which utilize a
papermaking apparatus that forms webs having particularly useful or desirable fiber
configurations, Such configurations can serve to impart such characteristics of the
paper web as enhanced bulk, absorbency and strength. One such process employs an
imprinting fabric in the papermaking process that serves to impart a knuckle pattern
of high density and low density zones into the resulting paper web. A process of this
type, and the papermaking apparatus for canyiﬂg out this process, is described in
greater detail in U.S. Patent 3,301,746 (Sanford et. al), issued January 31, 1967,

which is incorporated by reference.



product, is described in greater detail in U S Patent 3,414,6459 (Wlls),

i ssued Decenber 3, 1968, which is incorporated by reference. These paper
substrates preferably have a basis wei ght of between about m’Z and
about 65 WOPB/SS®WAd density of about 0.6 g/cc or Iess. eP%&E By the
basis weight will be about 40 g/nR or Ilgss and the den5|ty wi |l be about
0.3 g/cc or less. Mst preferably, the'density will be between about 0.04
g/ cc and about QuechapehBhng HoRAL e Uk itk liarTapaRLa
weights relative to th paper vve ubstrates are on a dry basis. In
addi ti on t appdretustisliohe ehatfproedes mfpapehewq:h bawing aidistinet,i comfinudus W@Tkrmkl ng

furni sh used to _nmake the flbrouq'structures (o ve ot her pnents or
materi al s aegien farmeddys EiEra@QnC’ﬂ)éloB‘Fsl @F@rseﬂég@Hgﬁ %nthOﬁnglgptqn The

types of adgl Q%q\éﬁ-ﬁtted%ﬁb ggrr% %?éi‘egia d e@g% fngUchH?nﬁ 6nib Webi s forfedend- use

of the tisste i n products such as toilet

paper, papegfuringVthe Spapbmsdkélg progedsemto liaﬁ)x‘amﬂnb% defdettion memberrhaving @r oduct s,
hi gh wet strength is a desirable attribute. Thus, it is qften desirabl e to

add to the patipmedrenctwiorks surfece Hoonedhibyat pluslityapt discratoupelated ¢ e%mn as

strength" resin eneral dissentatjQg 4

strength r SOPdW %Stff‘q’?giﬂfcéﬂg b ‘B"é#m -aftPr B%Gﬁpgg&fgtgﬁ%f F#B\%Bﬁu m)nograph
series No. c%ﬂz ut%hé}?&%& ebs) 1?&&%1)@&191 Beper Baail ¢a UTSCPaiemal,5295480¢ at i on
of the Pul p ahd Paper ustry (New York, 1965). The nost useful  wet

strengt h r gTrokhahpisued halyall6, \ 98%eU. Sc Patenh #637,859 (Trokhan), issued January

ol yan de- G5 ARB Gy B v G020 (LERMHBRE e DECRORg: T 122 Phat nave
ooen 1 ound. el & incB ol b reifdnbh, é«rz o r;;ia?é 8f pUPmakingSptebesk caidIS _ar e

descri bed in i sSued Cctober 24, 1972, and
U. S. Pat entapdaratud, 1/ 2ady Gt (déelthat 1s| suitablt Rervmaking Ih3¢red96<3npd§m tpapér whi ch

are incorporated by reference, commercial source S\Iﬂ’(

pol yani de- eqyb&tm'@r@kéﬁé‘mh?drléé-? 8- F%teﬂe:f 294-&41 (Yipggan 5t a |l?ﬁ“ﬁ§ | avar e,
whi ch mar k r Kynmene 557H. Pol yacryl am de
resi ns hav 12}6'& ﬁcoﬁqgte%éyg?fg&b ity as wet strength resins. These

resins are deschtlingné x%a? rodess. that &butflizé th€dibersaofethe Prgsent ssued
January 19, 1971, and 3, 933 (Wllians et al), issued January 1 1971,

both of whiinkerdion is wne rﬂpm rpamedeSbry pamemnbae/mg Dsentimions highabasisoyeight of

pol yacryl am de resins is Al cut
Pl oh o EoRVpReRtoR vt et 0 BRRiS peR pioph] Thitoios HRVIBARL
ot her wat erygl WokPmed bélﬂ'lfavfn@std}fcsfdﬂ‘difﬁﬁngtﬁdw tmmaﬁmtmgedn mem ns are

urea formal dehyde and nel am ne formal dehyde resins. _The npre conmpn
functi onal partapar refio ofiBow rpmt?lﬁqmcﬂ!l generaly e ibass W%Pfﬁ@g‘é‘? IEFAR A% ni ng

%gf;gf h;rggxin?ﬁsrﬁég gr}gggmgrlfﬁstoa&d xy 1slan £ Q¢RBe Ao h@gﬁlﬁ(amtgoz& bP 9k
forming belt. A process of this type, and apparatus for carrying out such a process,
is described in greater detail in U.S. Patent 5,245,025 (Trokhan et al), issued
September 14, 1993; U.S. Patent No. 5,503,715 (Trokhan et al.), issued April 2,
1996; and U.S. Patent No. 5,534,326 (Trokhan et al.), issued July 9, 1996; the
disclosure of each of which is incorporated herein by reference.

. Yet another papermaking process that can utilize the fibers of the present
invention is one that provides a layered paper web having a smooth, velutinous
surface. The web is formed using relatively short fibers, where the top surface of the
web is processed such that interfiber bonds are broken to provide free fiber ends that

improve tactility. A process of this type is described in detail in U.S. Patent No.

\



resins can also find utility in the present invention. In addition,
tenporary wet strength resins such as Caldas 10 (nmanufactured by Japan
Carlit), CoBond 1000 (manufactured by National Starch and Chem cal
Conpany) , ez 750 (manufactured by Anmerican Cyanam be
used in t\f‘@gglrsgs?%nt invention. It is to be understood thaﬁ%@%’ég’??i on of
chem cal conmpounds such as the wet strgpgth and tenporary wet strength _
resins di scussed above to the pulp furnish is optional and is not necessary
for the prag3009810{Carsens)| dssusd Noweitier o177, 1981, the | disclokilire iafnwhizhwist
strength additives, it can also be desirable to include in the papernmaking
fibers cer tingoipespipd dyreferpnee hereint i nt control additives known in the art. In

this regard, st i nder ave_ b f t . cUl @ . ttable. In
addition to r ed?@fogl& T Pﬁ?elrﬁaﬁ8 Pﬁ?g%gi B&’%un)gss r@g?'%?g&rﬁ%wﬁwéve@gm starch
bi nder s al §gpid¥Riah knackIB RRed hBEVeOHe dfthd fabriel Thes ignpressivhs efgte

W thout inparting stiffness that could result fromthe addition of high
| evel s of gtretrasions iy ghecthrdughdring sheet; aid priowideithg sheet with stretch in the cross-

-22- included,in an apount, such th it js retain t level gf from
about 0.01 Whaﬁoaife‘g%n- pr%f%‘Pﬁ?nygé Fiﬂ)‘% BoJ? %’s eﬁjegaélbca)%ﬁfmﬂ%n g@“’%&i ght of
the paper SRSEARICNo. 67761247 FHhIS | octobirt A Bostir oh Wedd et 1 the t hese
fibrous structures are characterized by water solubi’lity, and

hydr ophi | i alidcyosurd éfhwehigihisiihcorporatet herdirebylederemcel i mit t he scope of suitable
starch binders, representative starch materials include corg?ﬁs&)grch and

potato starch, viherPraferpd SGreNsSEHERFFSGIBVATR Q8% SF FYQ PF JRare P Lea ar ch

bei ng parti af At QC ch: di rs starch
n that 1t tedeialedopbaky Tamiial Bud i tidl Caibol iR BORMHERGY s, B
both anyl Omcéxhﬁos%ﬂ% prockdiae to Ve Oal pluraliguef phanberirees shithe lafmirmmsdoca
starch are further described in "Am oca - The Starch From V\éyx Corn," H H
Schopneyer ,produsty isndeseribedein gratesrdseiail 1m4%S. Batent Getl 4989 (Wells)p psued

1476- 1478) . T ta .bi.nder 1d..qr.an i form
the granul dPSFBPH Beiriﬁg?’eg’b’éﬁilﬁllP?rB?%%grE}g&m‘f £eéj’lstbtl élrgg:%gé?%d%?gt@gsd
preferably mifefdbt} RiNe ¥ bsRPWelEht Of bawkees abi! 10| PenZodnd dtwug 68 sandVor e
preferably,” the starch granules are swollen, as by cooking, to a point just

prior to didspsitsofabout 0.6tgéccairdessh Moraipneferablsythe basignvejhswalliberabevtA: h
granul es shaglh be referred, ta as.being "fuLly coo T it ons for
di spersi on Q?ng‘aﬁ&ﬁa?n{% drnsiyy ¥, Z’ﬁcﬁ%ﬂgt E%OQZC% ﬂléi(eggzy %49%{ %gﬁgityalrﬂg
granul es, tQasteWiReObetweds bbbkt 004 Yo/ ahd A0S g6c. Ansledshetharwisnt of
anyl ose present”. Fully cooked am oca starch, for exanple, can be prepared

by heati ng specifiediedianesinty and weightsoelatiteda the piaperewely substrates prerpng? dRUIl es at
about 190[err] E (about 88[err]C) for between about 30 and about 40 m nutes.
Ot her exenp?®d starch binders that can be used include nodified cationic
starches such aslnta{aaﬁﬁnrieghé hx%ﬁiqea HGRYE o e TREER: BRI Ut BERRIng
i ncl udi ng am no groups and net hyl ol gr-oups attached to .

furnish used to make the fibrous structures can have other components or materials

added thereto as can be or later become known in the art. The types of additives

desirable will be dependent upon the particular end-use of the tissue sheet

-

contemplated. For example, in products such as toilet paper, paper towels, facial
tissues, baby wipes and other similar products, high wet strength is a desirable
attribute. Thus, it is often desirable to add to the papermaking furnish chemical
substances known in the art as "wet strength" resins.

A general dissertation on the types of wet strength resins utilized in the paper
art can be found in TAPPI monograph series No. 29, Wet Strength in Paper and
Paperboard, Technical Association of the Pulp and Paper Industry (New York,

1965). The most useful wet strength resins have generally been cationic in



nitrogen, available from National Starch and Chem cal Conpany,
(Bri dgewat eégq New Jersey), that have previously been used ni sh

addi ti ves YO ¥#2Pkase wet and/ or dry strength. Use g?’r@#hglrlfg | nders

such as | atexes, polyvinyl alcohol, thglpnplastic bi nder fibers, and the
i ke, may al so be used in formng fibrous structures of the present

i nvention. character. For F_crmanent wet strength generation, polyamide-epichlorohyd¥in rekins Paper
Product s The fibrous substrates of the present invention are

par ti cul ar | greagitipnisdweb strengtie resinsotiat have beencfoupdie hesobparpigylar uplitduct s,
which are tQ be. disposed of after use..Accordi,ngl [t 1 under st ood
that the prg’él&e?ge SRS f%‘ir?‘%pﬁ'ﬁ sqsibs t‘B‘ghvg?tfg’é&yooPﬁBg’%%??ﬁf tct s

i ncl udi ng, LM IS & K AAD issydddsvehibepuch as
t hose used ?ﬁed%%tgk%ﬁ%?@%%,@d@éisp&% girﬁgl %’Z%’g? ppﬁ’?’cg?%gns. Exenpl ary
paper pr odut3,sl97Byisoth f whith 4re Svoepopatpd by referench. Ond aonhmtrcial ssuree afhal f aci al
ti ssue, paper towels, and core materials_for absorbent articles such as

fem ni ne hywieBiolyamide-epichlosohydringesins Heicplenalsri ofs Wiksupgton; Relaware, g

tanpons, di apets |t sl nconti artiel es ®‘§§ e like. 1V Test

Met hod Sect Wh-@“ggl#ﬁ\s‘g’rﬁ?lgﬁa?‘ge?%ﬁn”k I%lm'sneThe”H?)I lowing is a description
of how fibrous spplyaénREd@iQinkIRNERRE Het® MuNalth banst tilied aé wee strerigtieat ed i n
accordance with the present invention) and unnodifed ., _untreated or

i.e
control) fitesins. Thesseoesing arst desexibes in UrbrPasensjNast éc§5§5c932k(63°§¢i§§r‘-@b)l tests

(et § e “hsERRTERY ot rbipin S, APfuper S 9 RSB 01195, 1

Low Densi t ypbiandshggich are inco%ﬂﬁ‘(e@eﬁ'ﬁi feYerfRRIS 'O SomlfierBRISsogreebri al |y
according to TAPPI standard T205, with the follow ng nodifications which
are bel i evepolyacrylanddearssinsas Americard I0yatarideCd. iof Steenfoed) Fonnecticuh gvipelocess.
(1) tap water, with no pH adjustment, is seil: (2) the enbryonic web
i s formed i mamkeisonesuch esinundgr the matk Rarez ek iNfg apparatus on a

oot ST 2o Ky 48 B LR S ot ot i

13.5 inch xurk3. forivatfehyde and melamine formaldehyde resins. The more common
functional groups of these polyfunctional resins are nitrogen containing groups such
as amino groups and methylol groups attached to nitrogen. Polyethylenimine type
resins can also find utility in the present invention. In addition, temporary wet
strength resins such as Caldas 10 (manufactured by Japan Carlit), CoBond 1000
(manufactured by National Starch and Chemical Company), and Parez 750
(manufactured by American Cyanamide Co.) can be used in the present invention. It
is to be understood that the addition of chemical compounds such as the wet strength
and temporary wet strength resins discussed above to the pulp furnish is optional and
is not necessary for the practice of the present invention.

In addition to wet strength additives, it can also be desirable to include in the

papermaking fibers certain dry strength and lint control additives known in the art.
In this regard, starch binders have been found to be particularly suitable. In addition
to reducing linting of the fibrous structure, low levels of starch binders also impart a
modest improvement in the dry tensile strength without imparting stiffness that

could result from the addition of high levels of starch. Typically the starch binder is



Machi ne direction Warp Count: 84 1.5 fibers/inch Cross

di rection Warp Count .. 76 3.0 fibers/inch V\ar p

si zel type: 0.17 mllinmeters/9FU Shut e
si zel type; 0.17 mllinmeters/WP-1 110

~24- WO IB/S6RY, i per : 0.016 0. BEHESTHWA®

Air perneability: 720,,25 cubic feet/mnute (3) the
enbryonic web is transferred by vacuum from the nonofil anent pol yest er
wire to a incindéd incamearhouan syeisthar it peredingkatnglebelwfifeons ap@itiosml to aboyt Appel t on
Wre Co., Appelton, W and dewatered by vacuum suction I nst ead of

pressing: 2% preferablypfrom abgut§.1 ta-ahaub ki, by weight of the gaper: substrate.

16 inch x 14 ingh . chi ne di necti.on rp nt:. 3 1 fibers/inch
Cross directi ogﬁvé%er%uﬂwabl\éawg% gwggfsf?rnéﬁge Bt s BFsi®%/ t ype:
0.40 m || idHataetesiza by watet Aoldbility, and hydrophtlichy s ABHoL¥R® is not intended to 0. 40
mllimeters/WP-801-12A- W cal i per: 0. 0270
0. 001 i ncHimit the scope ofsuitalle staechibiihders; representative stag@natesials inshalefcent / i nut e
Sheet side ta be, monopl a . Transfer and dewatering details: The
enbryoni ¢ & ﬁl?ﬂjpmamp'%‘ﬁ&i"ﬁﬁ’ﬁ}} (e e Sg‘?&’ EP%%H’%\QI%“P{% pmiqea stargh i ¢ such
that the Gy Ntage f | T bh ! LM web,
fabric wt algd?el1 ckg}yd%l% i%ﬂég'own B?asét?:%gr??fg%rggrgga %lg?l%lt hfma%ﬁg&cholg%a% 13 in.
X 1/ 16 i n.it W eirelpamylopectin,| wherbasxcomirhbn @oOstately contafrlschoth amylopectin peak
gauge readi ng of approximately 4.Q in. of ,rrercurf]/ vacuym The rate of
the tril aysd amylesss Yanpus unigus chpractorstins af amiecasiyrg &r%@r{ﬂ\ﬁﬁ fieseribed o
velocity W8 s B " U S ok I NEH to

achi eve aq%eégmagauggh?e%é |ﬁ§r%'? Wa"%é%’ xﬁﬁg?‘e%ﬂogﬂegsegpg%&g%rﬁ%%acuum

and the trhécapber 1 B5pps.906-108 (VengbhiM7se14/8).0ss t he same vacuum slot at the
sane rate of 16 5 in./sec 2 nore tinmes. Note that the peak gauge

reading i s the Bheotiarch bindensambe in gremdar esidispersedeform; theyarnygan acr oss

the slot. ,Th . full ved f t i re. 1 t hat
i bers st itFR Spriplly PREGHA, Yo, skGiEBRaE, i prllchabfy oty SBBKE 0, "
dr ae(r]I Wit hnﬂc@[s%kll%g{g@!tﬁe ghinules. PRISH prefetdbly, WedstadeH ghaRldsardabolRaNad he felt
an rumw e 1apri c

by cooking, to a point just prior to dispersion of the starch granule. Such highly

swollen starch granules shall be referred to as being "fully cooked.” The conditions
for dispersion in general can vary depending upon the size of the starch granules, the
degree of crystallinity of the granules, and the amount of amylose present. Fully
cooked amioca starch, for example, can be prepared by heating an aqueous slurry of
about 4% consistency of starch granules at about 190°F (about 88°C) for between
about 30 and about 40 minutes. Other exemplary starch binders that can be used
include modified cationic starches such as those modified to have nitrogen
containing groups, including amino groups and methylo! groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater,
New Jersey), that have previously been used as pulp furnish additives to increase
wet and/or dry strength. '

Use of other binders such as latexes, polyvinyl alcohol, thermoplastic binder
fibers, and the like, may also be used in forming fibrous structures of the present

invention.



- 25- agai nst the drum surface and again with a second pass with

the web agai nst the drum surface.

Dryerspecifications: Stainless steel polished finish cylinder wth

internal SY@2S®98Lting, horizontal |y mount ed. PGEI/PRI8AAT43

di mrensions: 17 inches length x 13 inches, di aneter

Tenper at ur e: 230 5 degrees Fahren 73i t . Rot ati on speed:
0.90 0.05 qevol M%@B’fgut e Dryer felt: Endl ess, 80

I nches circunference by I nches wi de,

No. 11614, style | | N .
and VWod Lab I\/acﬁﬁ g?%{%ﬁ Jgﬁ Q%%%mglﬁesent invention are particularly adapted for

Fal I's, NY. paper products, or cdf@;bdnehl%rb‘flpaﬁer producls; Witk @8do d¢ealispasedobsftdel e

W t hout any sl i ppage occurring between
the felt anased r@@ordmgly, it is to be understood that the present invention is,appiicablatd for m

t racki ng.

J t h dsheet th
resul ting tYAieY © ﬁgé?eg pro AN ﬁt ’S’Bt(faﬁ?ge‘gt"[ éps,pfsafleb%t?ﬁ%gevﬁﬁbg?pe% 000

Lt ﬁe?\r/]\ndsg tng{ ed%'ts o8Pt Xh&gﬁ%gégr y {i‘%;erh?tl.d dy? ¥ &hﬂﬁc}g f Hgifléﬁager sis

t hen condi t Exemplagy paper products thus includeﬁﬁﬁs’ua Qaper mctudmgnomlfet ﬁsslne land; fdcial a
condi tioned, room where the nperature is 7 errLF err] 4l err] F

(22.8[ er r ] ctisspe,pager teyelsnand gere; masﬁqat%fqruahsetbsyt pgicles such as” feqrinipe, 1

10% t

recogni zed lt[fé%n t\/%‘ 191?_ é‘r?: ?%%ﬁg?étaigﬁérl%%&) a’r{‘ﬁﬁt" i %nds ec |°8%f dr%éqellﬂér ragSt

maki ng of hpgeshrat &titlek hedihedikehe specific procedure descri bed above.
Where a given product is in a formthat includes chem cal additives or
where the fibrous structure is subjected t o mechani cal mani pul ation in
generati ng L e EMadLC JUen able Prengratioad t hat the determi nation of
whet her t hat product S W|th| n the scope of the present invention is nade
by form ng handsﬁbefdlqmngmlddﬂmpeomotflhowrtﬁbrpn:estmvturdeamrprppamdtfroand

measuring the, ph C pro erties of those handshegts, asurr n the
physi cal pr F‘t‘{dz'é %44 St iFe tﬁﬁ’ Hy@freer aP%"ve‘ﬁTlP’r’aﬁre?egt mtvﬁ‘ém’r"SBB

(i.e., untreated or control) fibers. These structures are then subjected to the physxcal

tests (i.e., zero span tensile, dry tensile, and bending modulus per unit dry tensile)

described in the succeeding Section.

Low Density Handsheets
Low Density handsheets are made essentially according to TAPPI standard
T205, with the following modifications which are believed to more accurately

reflect the tissue manufacturing process.

(1) tap water, with no pH adjustment, is used;
(2) the embryonic web is formed in a 12 in. by 12 in. handsheet making
apparatus on a monofilament polyester wire supplied by Appelton Wire

-Co., Appelton, WI with the following specifications:

Size: 13.5 inch x 13.5 inch
Machine direction Warp Count: 84 1.5 fibers/inch

Cross direction Warp Count: 76 + 3.0 fibers/inch
Warp size/type: 0.17 millimeters/9FU

Shute size/type: 0.17 millimeters/WP-110



-26- construct the product are used to make the handsheets as described; no
application of additives or nechanical manipul ation, aside fromthat
di scussed above, should occur. However, as discussed above, density

measur eme@iposaksgiade on final products which have been negdfiakostiibis
treated, include desired chem cal additives, etc. A Dry Tensile

Strength | ndex This test is perhgrned on 1 in. by 6 in. (about 2.5 .
cm X 15.2 cm strips of &;;e}per according to TAPPI standards T220 om 88 and
T494 om 88 in a conditi éaligert Gom where the tenpePdlOdd.0e0578 rr|F 4[err]F

(about 28[err]C [err] 2.2[err .. and the relati hu dity.is 50% [err]
10% An electronic jtensﬁ"{-:-p?@%?@ty(l ntellect II é?‘bi%?rﬁﬂbﬁ%feﬁwé) Cor p. ,
Phi | adel phi a, PA3) tHeSemBRBnRNeRE tah§Erréd bg Fctenhead Sieemendtilatertn. per

m nute (about 10 tmper mn.) and a starting gauge length of 4 in. (about
10 cm. A mini mum pblyester iresd s mamefijaenent polyestempapanhakiog fabricaupplied The

resulting tensile strengfh | ues recordedq. jn g/lin. a di vi ded by the
average basis wei gﬁﬁ’ Aﬁ%‘%@%@?e@ﬁ@‘%%ﬁ‘ﬂ@“@“ﬁé ﬁ?’é@&“‘l‘ﬂé’“ﬁym
correspondi ng tensi ' .ues in Nnig. B. Dry Zero Span

Tensi |l e I ndex HSE?EPgS{%gés{@’l s performed on 1 in. by 4 in. (about 2.5 cm

X 10.2 cnm) strips of hdeielspédificatiogd:Nng handsheets as descri bed above, as
wel | as other paper sheets) in a conditioned roomwhere the tenperature is
73[err]F 4[err]F (abouBiz@8[err]C [err] 2.2[erkqiafhaddingle rel ative

humdity is 50%([err] 1Q% ., A conbination.el ect [ ssed air tester
(Troubl eshoot er, FPul mcg’f"}%{‘?@ﬁgﬁf" ﬁ?e?ﬂ‘gﬁi %h%g%étﬁ er, VT) is used
and operated at an air gypR|dheRiASWHFFECOInt100 54 3 fibbR/ihetvs of the tester
are 15 mmin wdth and | oaded to a cl'anpi ng pressure of 80 psi. The

pressure required to br&épsize/tgeri p wi dt h of 0140 miblimietarsAVIrEG12A-Wg | aw
separation of zero is reggorded in units of psi. (1f.the u ading is
bel ow 9 psi, two plies Sgutf'ﬁgemdsheet rrateri%?oﬂylgnﬁgﬁﬁﬁg@'%Wested to
obt ai n nmeasurenents V‘“@aﬁpér.he capabi lity of tdgyjonsdooigsth. ) The pressure
to break mnus the zeroing pressure of the instrument is divided by the

aver age basis wei ght of Aihgermashility: and conver t39 25 ailtiafest/timxtelry zero

span tensil e index val ug in ,unitg of N*\nmlfg. Amninumof n = 8 tests are
performed on each pul p Shggsside to be monoplane

-27- C. Veiaf@EO a2 Uewafeink© dbAl€X The embryonic web and

papermaking wire are placed on top of the fabric such that the embryonic
web contacts the fabric. The trilayer (wire, web, fabric with fabric side
down) is then passed lengthwise across a 13 in. x 1/16 in. wide vacuum
slot box with a 90 degree flare set at a peak gauge reading of
approximately 4.0 in. of mercury vacuum. The rate of the trilayer
passing across the vacuum slot should be uniform at a velocity of 16 £5
in./sec.

The vacuum is then increased to achieve a peak gauge reading of
approximately 9 in. of mercury vacuum and the trilayer is passed
lengthwise across the same vacuum slot at the same rate otj 16 + 5 in./sec
2 more times. Note that the peak gauge reading is the amount of vacuum
measured as the trilayer passes across the slot. The web is carefully
removed from the wire to ensure that no fibers stick to the wire.

(4) the sheet is then dried on a rotary drum drier with a drying felt by
passing the web and fabric between the felt and drum with the fabric



This test is perforned simlarly to the Dry Zero Span Tensile Strength
procedure with the follow ng nodifications: - The dry I in. X 4 in.
strip of paper is inserted between two Wet Sanple Insertors supplied wt

t he instru\@ﬁ’?’swﬁt aining three notch cuts. The paper stri ppp'g}%gg(pg at
the center notch cut with a squirt bottle filled with 73[err]F 4[err]F
(about 28[err]C[err] 2.2[err]C) disti |PEd water via squirting a snall
amount of water nexjgdift the dRfh Ghrfadidar hoth Wit b deorldf Bhdd with Qnd Rbcent er
not ch (avoi di ng heavgy spray pressure or %%%%an t he sag%glge wth the tip of
the bottle). The saagiimstthedirumserfaces are then set into the head of the
unit with the notches lining up with the.jawteeth.anq the test is run as
described above. The M@ﬁﬁspééiiﬁbﬁid%.e%iﬁl_e&'%te_%h?oﬁﬂfeﬁlﬁﬁsﬁ’r@ﬁﬁaérewﬁh t he
instrument is divided by the average basis wei % t of the sanple and
converted to obtain the wet zero spanntemabsteam heating, berizeatally meunted. of

Nmg. Amnimmof n_=8 tests are r.fqQrmed gn ch, pulp sanpl e.
D. gBendi ng Stiffnes sE’it@?'}tq%’PE‘?Fé‘?nngﬁdf’%ﬁg&é‘gﬁ’dﬂﬁlm‘m& é’gmﬁ??g test is

performed on 1 in. by fRpiddrati@00Ut 2253000 & % Strips of paper
according to the descri p.Pi@Ban below in a conagl}télsone room where the

tenperature is 73[ err |[Rotatidnespedd- (about 2@ %+ DOS révalutignsamislutehe rel ati ve
hum dity is 50%[err] 10% for a mninmumof 2 hours_prigr to testing. A
Cantil ever Bending Tedierlich as dedadiesed0iinchesvivpumnizrense bydoine®s (Model

5010, Instrunent Marketing Services, FEalnrkiel

operated at a ranp angle of 41.5 O. ﬁlng"rﬁ[’é‘gr%gl%%é%m)ﬁgg’sgfg)éﬁggggﬂgof 0.5
[err] 0.2 in. per second (about 1.3 [gdr¥obd I ab"Maetkiné &Coshny, ANoskidk mum of
n 16 tests are perforned on each paper sanple fromn = 8 sanple strips.

i . Sanpl e Preparation From on&allaM¥heet, carefully cut four 1 in.

w de strips of sanple err] 0.1 inﬁges in lLength in the "M)' direction.
From a second handshegt%hg?'{sf%e same 1% asngt ev ngqﬂspé;ﬁca\p%ggbian}' in.
wide strips of sanple 6.0 [err] 0.1 isRERRe dcBurkifp Hebwden thEFelt &Rl ddjerect i on.
It is inportant that the cut be exactly perpendi cular to the | ong "di nension

of the strip. The strip should al so Ideurhape usiformr iravkings or excessive
mechani cal mani pyl.ati on ich can ir t flexility, Mark the direction very
lightly on one e:@, Re ?f@g‘?{@%ﬁg’pgﬁ?a%eﬁo’f“t‘%g’ %éﬁs&hé“ﬁjf?rg%%aﬁlsl

strips. Later, the glihPsfi6.5+ 1 000 ft2 and a target density of 0.15 + -
-28- will be turned ol er§f1; or Fespfﬁ%%sgeﬁgé It igni ﬁp%rrgfan?ns%%gt one surface

of the strip be cl eabbyg/ccaai¢ssottedwistaneder, it nmakes no difference which

surface of the samppe 43 fFh W8 S Baainte 6FBers 3¢ fheh Gonditioned prior to
testing -a minimum of 2 hours in a conditioned room where the
temperature is 73°F £ 4°F (22.8°C £ 2.2°C) and the relative humidity is

50% + 10%.

V. t d Section --

It will be recognized that the test metﬂods described in this section require

the making of handsheets following the specific procedure described above. Where

" a given product is in a form that includes chemical additives or where the fibrous
structure is subjected to mechanical manipulation in generating the product, it is to
be recognized that the determination of whether that product is within the scope of
the present invention is made by forming handsheets in accordance with the present
description, and measuring the physical properties of those handsheets, not

measuring the physical properties of the product itself. That is, the fibers used to



Ii. Operation The tester should be placed on a bench or table that
is relatively free of vibration, excessive heat, and air drafts. Adjust the
platformto horizontal as indicated by the |eveling bubble and verify that
t he bend apgbgsdoss at 41.5 [err] O.5[err]. Renmove t he5akak/ 1098 | de
bar fromthe top of the platformof the bending tester. Place one of the
test sanple strips on the horizontal plgtformusing care to align the strip
parallel with the novable slide. Align the sanple exactly even with the
vertical edemsthctithe prosiutiearewised o mhke thedahdsheetarmp dbs:rﬁ:bd,a@qmplioati%er e the
zero mark |i S scribed on the tester f ul | ace slide
back on top® ’g?d‘{‘m%ess‘grfﬁ?g‘a&c? ’i.’)‘a{“ﬁu H@“ﬁé@e& hé @ﬁ?}ﬁFeé‘t gﬁqva’es be
careful |y pbad BEwkVia! of Bictlskd Ribbve, Rhsit) tsbitéetits TBY Ghde’ GHMEhbs
initial position. esarrﬁea sarrpre sF de at a rate of

appr oxi mat eprpduoéts @hich igave becn mehanmdy m@atediacindd d&ifed ch¢mizabadditivesy
second), toward the end of the tester to which the ranp is attached. This
can be acco??& ished with either a nanual or automatic tester. Ensure that

no slippage betmeen the sanple and novabl e slide occurs. As the sanple
slide bar and sa Ba BESHEBENANEEE t he edge of the tester, the sanple

strip will begin 0 slide
bar the instant ?#‘1'9 t? °r%“é‘g‘gig’%§’r ﬂ} Vggvgig‘r‘r&b?l{s)?rl P Pg?fﬁ% S%‘P“J\/\fft h the
ranp edge. ﬁ@%ﬂa@aﬁﬁgwmwhmdﬂm o888t hd T49% 88 lih BRBAdIEGMde tO the
nearest O0.5-mllimeters. Record the distance the sanple slide bar has noved

i n centi netwom whers\the Iﬁnmiy:ratmgus 3°F + 4°F (abiong 28861+ 225 (8rand the rglativeor med on

the face an ck .of trip.for .a total. of. t di-pgs. per
speci nen. Tﬁ‘? 1Y 1?L?r0 }@ﬁé"s % Op‘%ﬁ %gfl%t {fé{? B‘gﬂ‘eﬁgﬁ'éﬁg’r JTE%W paper
sarrpl e CONPAlkHCord,, Wﬂ% a%ﬁ@dée@%d operated at a crosshead speed of 4 in.

-29 i cul ation The average overhang length is

det er mi ned psr ramtea@bng tﬂwemspextrmar) andwktamngtgaagmwgﬁnof #Heénp@apart 1anpl e.
Aver age O/er ha sul ts

L f 16
16 3 SRR oF 531 B ok A5 PERJORCY e 461 RORST Se7BPIS TR &S Mgt b by

t wo. t I
5" exural® Rl gl gﬁ Yhldes RSB E &/BD A di0Nel By the average basis weight of

the sample and converted to achieve the corresponding tensile index values in
N*m/g.

B.  Dry Zero Span Tensile Index

This test is performed on 1 in. by 4 in. (about 2.5 cm X 10.2 cm) strips of

paper (including handsheets as described above, as well as other paper sheets) in a
conditioned room where the temperature is 73°F + 4°F (about 28°C * 2.2°C) and
the relative humidity is 50% + 10%. A combination electronic/compressed air
tester (Troubleshooter, Pulmac Instruments International, Montpelier, VT) is used
and operated at an air supply pressure of 100 psi. The jaws of the tester are 15 mm
in width and loaded to a clamping pressure of 80 psi. The pressure required to
break the strip width of 15 mm with a beginning jaw separation of zero is recorded
in units of psi. (If the pressure reading is below 9 psi, two plies of the handsheet
material are combined and tested to obtain measurements within the capability of
the instrument.) The pressure to break minus the zeroing pressure of the instrument
is divided by the average basis weight of the sample and converted to obtain the dry

zero span tensile index value in units of N*m/g. A minimum of n = 8 tests are

performed on each pulp sample.



Cal cul ate the flexural rigidity (Q: G =
0.1629 x WC3 where Wis the sanple basis weight in pounds/3000 sq. ft, and
Cis the bending length in cm Results are expressed in mlligramforce*cm
the const aMO /56%49 is used to convert the basis weight froPEFHEHIEMSt o
metric units. Bendi ng Modul us In general, the flexural rigidity
(stiffness) is highly dependent on sanpfé& t hi ckness (caliper). In order to
conpare sanpl es unegiuad, " f-a, ng Modul us is used as the

conpari son mneans. G ‘ < I

Were G is the FlEsnast B;ﬁkﬁhﬁad @fmﬁ.ms' s Pri ZReY Spaid Mknkild StreAghnoment
of inertia. Usi ng standard techniques for plate theory, the above
equat i on na;pr@@dmwmmfeﬂowmggmﬁbﬁ@mumre useful relationship:

Q= 732

Bendi ng Modul us i nPRG9Mol &% 4 ig, stiip ‘éﬂag’ert ﬁé“ﬁgpﬁ&ﬁﬁé&eeﬁtﬁpﬁygyéa(’%l%ve in
mg-force* cihsdnckSsiphied Wi the et RAS Cork it s nbfh Tuls® Tk phBAVseif©n)

and 732 is a convergFon const ant

-30- Bendi ngs Matted at tHer gentee InStche:uRﬁiiﬂhCh squirt bottfetlledheith 73R #f4Bgabous al so
dependantly related to dry tensile strength of the fibrous structure. Since
it is desira$f€ ¥a-plodlistdled wmerewiaviquirting acymalk amewsef water sext to the

correspondi e s Ius per
ot P e ARG An 1 8 3Rk b B0 Hhrler Aot (Pblafhecleal BtbD BB
strengt h andreaichiithé Sarlsle GAHERAE BF oPithdbaitley, %E SmPplRianf ftseribRafihes !
realized at a lower ratio. The relatlonshlp i's shown bel ow

M Q *106@t into the head of the unit with the notdhes liningsuy withntherjewnedtls anditheBeshidi ng
Modul us/ Dry .t ensi | in u ts of 1l/c s the Bendin dul us
Ko T or colt e fesaRbedatpVe ot PesSruwe i Blsak st sl P Sate of e

mstrument is divided by the average basis weight of the sample and converted to

obtain the wet zero span tensile index value in units of N*m/g. A minimum ofn=3§8

tests are performed on each pulp sample.

This test is performed on 1 in. by 6 in. (about 2.5 cm X 15.2 cm) strips of
paper according to the description below in a conditioned room where the
temperature is 73°F + 4°F (about 28°C + 2.2° C) and the relative humidity is 50% +
10% for a minimum of 2 hours prior to testing. A Cantilever Bending Tester such as
described in ASTM Standard D 1388 (Model 5010, Instrument Marketing Services,
Fairfield, NJ.) can be used and operated at a ramp angle of 41.5 + 0.5° and a sample
slide speed of 0.5 + 0.2 in. per second (about 1.3 + 0.5 cm per second). A minimum
of n =16 tests are performed on each paper sample from n = 8 sample strips.

i. Sample Preparation

From one handsheet, carefully cut four 1 in. wide strips of sample 6.0 + 0.1
inches in length in the “MD” direction. From a second handsheet of the same
sample set, carefully cut four 1 in. wide strips of sample 6.0 + 0.1 inches in length in
the “CD” direction. It is important that the cut be exactly perpendicular to the long
dimension of the strip. The strip should also be free of wrinkles or excessive
mechanical manipulation which can impact flexility. Mark the direction very lightly

on one end, keeping the same surface of the sample up for all strips. Later, the strips



\Y/ Exanpl es A. Starting Fibers Nort hern Sof t wod Kraft (NSK)
pul p: Standard Reference Material 8495 Northern Softwood Bl eached Kraft
Pulp (U S. Dept. of Comrerce, National Institute of Standards and

Technol ogwy, rsburg, MD 20899), drylap form Euc) -
pul p: St ang%d'Ja eference Mat erial 8496 Eucal yptus Hardwo%gﬁ.g?gB g’%%l Kr af t
Pulp (U S. Dept. of Commerce, National Jgnstitute of Standards and

Technol ogy, Gaithersburg, MD 20899), in drylap form Nor t hern

Har dwood Subill be tgideb)ovprifop:tesiay ethusl iti ie dmpbitamn el dne surfact dfathe woipdbeaci d
bisulfite p @lé]- e Pr cter and Ganbl e Paper Products Corrpany Mehoopany,

PA) . Tot al |§11 WWF’éaEWélaes\/% nG6¢ dRueh srface of thssample ip. 5, 6. 4

Hunt er r ut hern Softwood Kraft (SSK) pul p: Buckeye
Cel I ul ose Oor%%”ra |a§r$hi}é%eﬁ|s‘érfa§$‘|\| type FF (Foley Fluff) fully bl eached pul p

conpri sed of Slash and kﬁbl ol]ly pine in drylap form B. Pul p
D si ntegration termning the pul p consistency, the above

pul ps are divided into nultiple batches of approximately 30 glram; bone dry.
fi ber each and afae dester @:@u{dobe ptaced on a bench or table that 1s relatlve y free of

-31- 2,000 th roamte ture st ter f bers ,and wat er
are then igL arﬁlgé‘g FEtEdVE Oi}ea O%'J}rr % It“*(]é?‘?g tof, Plathorde I ﬁ?fg?ldaﬁ:’ul p
Di si nt egr at ﬁfdldaMacigJ the Rvéfidg b A0 eNBE N 8E bEMCAROE 3t 4%115 +igéandi a, New

York). After disintegration, the pulp slurry is quantitatively transferred
and dewat er ed | nRemBue fhesanipleshide birt fromfthe tep of theeplatfamme of dhauberiding pul p

cake is pee edf mthefl aper and th I Lter I s rinsed over
the cake t o4 F‘ﬁf af aﬂﬂé}bﬂ?ﬂf e stipg Oﬁﬁﬁﬁ)f‘@éﬂ?@tail QPH?!E?EH uspg: @Ay at ed
until furhe | I 9&%@

Enzyme Prepaal#éalflﬁ%r?% B&Bﬁél%ﬂ} g rg(‘{VJ;E)e ﬁgmi‘gm r at I ?’cﬁ%‘? gﬁ%ﬁé‘ S

di l uted to thelventicaP edgecafithe me:steatw}mn: the ahgu&ad tarmpris attacﬂﬁﬂm whexd the ezeraf
anedi ol and refrigerated, un use:

(égf teIZL/ lrrgfe\fgtﬁﬁéh%{g 6%&9@%&!3? tester 1 Cayefully place e sagnpils shide a<é< on tpp.of the

cual| 20 LA Dpslnts ROSGRfhos RUFRE bendl bR aacodly
EXAVMPLE 1: isnot wrinkled or moved from ils iaRialipositicss. NSK Fi bers with Carezyme[err]

Move the sample and sample slide at a rate of approximately of 0.5 + 0.2 in.

per second (about 1.3 + 0.5 cm per second), toward the end of the tester to which the

ramp is attached. This can be accomplished with either a manual or automatic tester.

* Ensure that no slippage between the sample and movable slide occurs. As the

sample slide bar and sample strip project over the edge of the tester, the sample strip

will begin to bend, or drape downward. Stop moving the sample slide bar the instant

the leading edge of the sample strip falls level with the ramp edge. Read and record

the overhang length from the linear scale to the nearest 0.5 millimeters. Record the

distance the sample slide bar has moved in centimeters as overhang length.
The test sequence is performed on the face and back of each sample strip for
* atotal of two readings per specimen. This in furn, gives a total of sixteen readings

- for each paper sample comprising 8 MD and 8 CD readings.



Nort hern Softwood Kraft (NSK) pul p cakes from section B above are treated
and nmade into 18 | ow density handsheet sanples (6 sheets per sanple) using
the procedure outlined above. The control NSK pulp is left unnodified and
is diluted"®88398H0 nl with tap water and disintegrated foPCII8I1943
revolutions in a TAPPI Standard Desintigrator before handsheet nmaki ng.
Sanple 1A is an NSK pulp treated w thoUt” enzynes: The fibers are

treated at approxi nat g}y, d@g@%@ stency. Distilled water preheated to
120[err]F is first m xed w mL of a 1% hexamet honi um brom de sol ution

(1% wt active ch cal /wt dry fiber ba fo anpL .i : conds vi a
a Lightnin' [err]?ﬁ]%ﬁvw%e?ve(rﬁ H‘F’I‘ﬁth a %ﬂ'@gé 8? 9%%?’ Eﬁﬁgk%?é’? r&ﬁ” wat er
bat h. The ummhabﬁql% Wel S preheat ed to approxi mately 120[err] F via
a mcrowave oven and is'then added to the debonder/water m xture. The

m xi ng rate of tAweraggRverhahg Bength miSupm of K resultseased to achi eve continuous
turn over and agitation of the pulp slurry and allowed to react for
approximately 1 hour. At the end of tﬂg hour, the pulp

-32- slurry is t: oxi mately
500 nL of distil H]Z;th%ﬁrlualémg&&%?er qvag%ﬂ nerg#&ﬁPﬁ%h filter
paper. The resul BendLength=akhahs lenbtho :,, uted to 2,000 nL with tap water
and disintegrated for 3,000 revolutions in a TAPPI Standard Desinti grator
bef ore handsheet nmking. Sanpl%e 1B is an NSK pul p treated w thout enzynes:
The fibers are treated at approxi mtely 3% consistency. Distilled water
preheat ed tBles@@] RigidiEv i s first mxed with 90 nL of a 3%tetraet hyl anmmoni um
brom de solution (1% w active chemcal/wt dry fiber basis) for

appr oxi mat eCylcdfateté BegeraMiig@diy tGght nin' [err] lab m xer (Lightnin',
Rochester, NY) in a 120[er r?F wat er bath. The unrmdlfl ed pulp cake is
preheated to approxi mately 120[ ef@ FI6. l\ﬁzﬁanrﬁGrowave oven and is then added

S i nor easclieh Sokieg SuPol: Pracne e e datioe iy & Srishe bR, o <"

slurry and Rhb®Watn O ReSffstark @kgr@ﬂi&&% InTB{gRAni farcbnt;. thécohsimt @rna.lszsvfist he
hour, the pulp slurry is quantitatively transferred and rinsed with

appr oxi mat eus,ed?.@@om_ertdhebamwbxghtfrmt&xghdntbrdematuextﬁed in a Buchner funnel
with filter paper. The resulting pulp cake is then diluted to 2,000 nL with
tap water apendihgMudatusated for 3,000 revolutions in a TAPPl Standard
Desintigrator before handsheet making. Sanple 1Cis an NSK pulp treated

Wi thout enzymes:in general, the flexural rigidity (stiffness) is highly dependent on sample

thickness (caliper). In order to compare samples of unequal caliper, Bending
Modulus is used as the comparison means.
Q=g
I
Where G is the Flexural Rigidity of the sample (above) and I is the moment
of inertia.
Using standard techniques for plate theory, the above equation may be
manipulated to-give the more useful relationship:
Q=_6G . I32xG
1/12¢ £
where Q is the Bending Modulus in Kg-force/cm?, G is the Flexural Rigidity (above
in mg-force*cm) t is the sample thickness (caliper) in mils (1/1000 inch), and 732 is

a conversion constant.



The fibers are treated at approxi mtely 3% consistency. Distilled water
preheated to 120[err]F is first mxed with 30 nL of a 1% lauryl trimethyl
anmoni um chl oride (Sherex Chemical Co, Wtco Corp., Geenwich, CI) (1.%w
active chg‘{g dry fiber basis) for approximtely 15 gx1Yeld 2

Li ghtnin a mxer (Lightnin', Rochester, NY) in a 120[err wat er bat h.
The unnodi fied pul p cake is preheated L approximately 120[err]F via a

m cr owave oven and is then added to the debonder/water mixture. The nmixing
rate of theBdridixg , i sleiRutipeased to achi eve contl nuous turn over
and agitation of_the pulp slurry and al | owed, t

| 1
hour. At the end }éﬁsheﬁbﬂh@l?ﬁs is; g0 S@eﬁd@ﬂdrrﬂ{?‘mﬁs‘ %usgr Oxtﬁgagfgrred
d d di
Bochner 1 ariepls SR TRk Y 30 e labRl 1ol bidhod %L#’@g R negerl |02

to 2,000 nbyithédd cbﬁéspéﬁﬂmg dareasds Hi dHeGRASE, thell‘atib &ﬂmmdmgdﬂuﬂmlwperl n a
TAPPI St andard Desintigrator before handsheet naking

-33- Sanpl eunltﬁlb'steaﬁlemrmrtpdt This enablgs seroples éﬁ%ﬁl tensile strengiheand; per s
t t d t 3% ted t
S0t er ) - cetpp e O ER i A e B e hrebdefle AR nBfS Y8R0 1 O

(Bar | ox 10SetatibR&Ef is shBém telw:| awn, N.J.) (1% wt N-decyl - N\- d| met hyl am ne
oxi de/wt dry fiber basis) for approximately 15 seconds via a Lightnin' Iab
m xer (Lightnin', Rochester, NY) in a 120[err]F water bath. The unnodified
pul p cake i s preheated bg tel y 120[err]F via a m crowave oven and
is then added to the de nde m xture. The mxing rate of the
Lightnin' mxer is increased teACild €ve continuous turn over and agitation
of the pulp slurry and allowed to react for approximately 1 hour. At the
end of the Nhere Mhe tbclIBz:ndinngysdums/ﬁJmnénsilatramaIuy ubitsiief fldmm%e @ #nther i nsed
w th approxi nat el nL_of distilled water and de teredf in a Buchner
funnel wi t hBendigg Oéﬁb‘éFnKtﬁercF/éghlaPﬁiﬁ@’tﬁ%ﬁﬂﬁ‘%’&R’é‘“ﬁg gREN 18Tyt ed to 2, 000
m. with tap water and disintegrated for 3,000 revolutions in a TAPPI

St andard Desintigrator before handsheet nmaking. Sanple 1E is nade from NSK
pul p that ivIL.nmodEkdmesledy the follow ng process: The fibers are
treated at approxi mately 3% consistency. Distilled water preheated to
120[err]F i g, flrw%%nth 30 nL of a 1% Carezyne sol ution (1% vol unme/ wt

addi ti on of Carezyne on bone dry pulp) for approximately 15 seconds
via a Lightnin’ NatthemMV(dedfnam @NSK)Rodpre Standard\Rference, Material B4PE vvat er

m crovave. oVBRbmASY R Hidbeh kR REPeTsn Bl b Cibtieb, Nnali i ng
e A e i
approxi mately 1 Boealyptut (Eiwd pmp:t ofStaimtard Reference Material 8496 Eucalyptus
Hardwood Bleached Kraft Pulp (U.S. Dept. of Commerce, National Institute of
Standards and Technology, Gaithersburg, MD 20899), in drylap form.
Northern Hardwood Sulfite (NHS) pulp: Never dried, bleached, mixed
hardwood acid bisulfite pulp (The Procter and Gamble Paper Products Company
Mehoopany, PA). Totally Chlorine Free bleached via EOP bleaching to a 93.7, -
0.5, 6.4 Hunter L, a, b, color.
Southern Softwood Kraft (SSK) pulp: Buckeye Cellulose Corporation

Memphis, TN type FF (Foley Fluff) fully bleached pulp comprised of Slash and

Loblolly pine in drylap form.
B.  Pulp Disintegration

After determining the pulp consistency, the above pulps are divided into

multiple batches of approximately 30 grams bone dry fiber each and are diluted to



hour, the pulp slurry is quantitatively transferred and dewatered in a = ——___
Buchner funnel with filter paper. The nodified pulp cake is then added to
approxi mat HQ9¥SBY0 nl of a 100 ppm NaOCl (4 nL of C orox, RGRUSEMIM3Trom
The O orox Co., Oakland, CA) in 2,000 nL of distilled water) sol ution,

m xed, and allowed to react for a nminimilof 5 mnutes at roomtenperature

h her i WLt h th I ul A hi ,
e moa 11 od o8 e Mg Bt RerteBiier ARy Notbd “THE bty Sl el Ble M T
appr oxi mat eldisidtepRfedor 96,000 sdvioldtdds 1#ed ?Apppgtaﬂaaa&\gparpqﬂisin&bg?at&mw&! funnel

W th filterdgaper. The resul ting nodified pul p cake
-34- is therPDdilluTestingdMachd®8 Intorporateds slandiat MewaYatk)li Aifiet digintdgeationpr 3, 000

Sarpl & 17 1 4h0aile S5t i RAURRIPIY FabsIreel S depirl imenBOBe BRI oo

I ! SS!
The fib [ lsY 39 ' .St Lyl t
orcheatd t o ShorEey | Py e PR DI CAE i pedh g 0 B THEY popkbii b lE O, o,

(2% vol une/ wapadidi tinsed ®fer Goy eaken®d Btddh lex@ahebe EbeH Y The! Eﬂbp t4Xe is then
approxi mately 15 seconds via a Lightnin' lab m xer (Lightnin', Rochester,

NY) in a l20fageatedyntid further restingheutlinedoetilow &t araaximuaiaf ong weelsheat ed t o
approximately 120[err]F via a m crowave oven and is then added to the
enzyne/ wat erC.m xtEnzgme Pirepapationng rate of the Lightnin' mxer is increased
to achi eve continuoys turn over and agitation of the pulp slurry and

al | oned to react Redpeapsto.pheenntpd 1liquid enzrmer ite diligdoto ehd WBLZ, % he pul p

FilTer papaBhlenlahon Brolivh 303h o7 AP B Vit g L2 BRErediO"S G00
mL of a 100 ap@wRieeated(thtiMus@f CHeRiME®! S10R of Q11 1:3.'5 $t b d:a{hggﬁk@ )

[ r
solution, mxed, and allowed to react for a mninumof 5 mnu at room
t enper at ur e 0toT quadinavailabbly ffont Noes NopdiykiiBageartd, Deamaik hot Pergolasd nhgse.
After quenchin the nodified pulp slurry is quantitatively transferred and
rinsed wi t hayablpdromi(éba; Gregsbonei N&Y., ate3sdd | ed water and dewatered in a
Buchner funnel with filter paper. The resulting nodified pulp cake is then
diluted to 2,000 nL with tap mterm%ﬁtegrated for 3,000 revol utions
in a TAPPI Standard Desintigrator dsheet making. Sanple 1Gis
made from NSK pul p that i i _process: The
fibers are treated at apprBRAHRREL-2305108I3 MNALZIHASt ency. Distill ed
wat er preheated to 120[err]F is first mxed with 30 nL of a 1%
Carezyne[ err] soNetthem Softwoed Krafs (WBK) guliptcakes fim geetion Prabose areltreatedbone dry

pul p) for approxi,mat el 5 geconds yia a Lightpip'[err] |ab . m xer
(Li ghtnin', Bad atade Rip, yﬁ\fﬂw fensity F§Y) 46 Bedis’pér samiple) Bsing the
procedure outlined above. The control NSK pulp is left unmodified and is diluted

to 2,000 mL with tap water and disintegrated for 3,000 revolutions in a TAPPI
Standard Desintigrator before handsheet making.

Sample 1A is an NSK pulp treated without enzymes:

The fibers are treated at approximately 3% consistency. Distilled water
preheated to 120°F is first mixed with 30 mL of a 1% hexamethonium bromide
solution (1% wt active chemical/wt dry fiber Basis) for approximately 15 seconds
via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water bath, The .
unmodified pulp cake is preheated to approximately 120°F via a microwave oven
and is then added to the debonder/water mixture. The mixing rate of the Lightnin'®
mixer i8 increased to achieve continuous turn over and agitation of the pulp slurry

and allowed to react for approximately 1 hour. At the end of the hour, the pulp



bat h. The unnodified pulp cake is preheated to approximately 120[err]F via
a mcrowave oven and is then added to the enzynme/water m xture. The m Xi ng
rate of the Lightnin m xer is increased to achieve continuous turn over and
agi tationgg{) 5/?%8?“' p slurry and allowed to react for apprpgrgRésivesl hour:
At the en 019 e enzyne reaction period, 30 nL of a 1% (wt/vol) solution
of hexamet honi um 30- - 35- .
brom de (Al drich Chem cal Conpany M | waukee, W catal ogue No. 21,967-3) in
distilled wslineny issqaatditatively tdansfennerl/ ned ispd swith rappraximathiye§€0 anli %fadd- on

| evel (wt active chemcal/wt dry fiber basis), and @IFI owed (L;g conh%%ue
m xi ng for distledwaternd dgwatered]iara Brehngg fungel with filier papst-s JBG feFuliRer |t he
slurry of | ] - wher s1.1 ' oy VAN I | ets

i thout i1 Bapi a5 it MRS ke BRS80Sl St Seker B8 ARRRBIAARIITOC 2 1 sk
pul p that i sevéRfliohi @fla TAPPDStahédrtd DWsinggRtcrdefne handsheet mhkingf | bers are
treated at approximtely 3% starting consistency. Distilled water preheated

to 120[err] gailn?leffg &lan lﬁgi}wgiﬁteﬁ%i%u?@nﬁné% Carezyne solution (2%

vol ume/ wt a I on of re 5.0 L on bone dry pulp) for approxi mtely 15
seconds via a Li ghtrfibers beebtredtedoat approkinmitely 3YReohsistenoy, Ristilled watar20[ err] F

120[err] F vpEehasted & bAOSH 4 BLVIEP S 08 Aro b aes OB Y e
it T Th o he. L] o T o
;nc)r(\i g\r/g con @%éx{lj?%ﬁ%&é@éfﬁ%ﬁﬁ%ﬁ??@{ ﬁ%‘%e%g 1]5)[ ﬁeéyggfdgﬁg?tgﬂy angmgslol owed

to react foki2PPighifi® Rb)mikeN@ightnit, RdthestarINTY i el 20PE yater bathc tThen
period, 30 nL of a 1% (wt/vol) solution of hexanethonjium hrom de (Al drich

Cheni cal Compawogifietl ks, is reheated lto gnproxisnately 198 332 3 MIGOWAYS PYR wat er
ons St 0 abf GRTMTRATA IR Y h G BERE R AR et 201 e

contTnue m xi ng a Ssecond

hour at 120p6Lsdi§ indbaskllfo &fevefconfifuciB @b VRO Hid agiftsion lofitie/pulp shaedi f i ed
fibers is nade directly into | ow density handsheets w thout filterjng,

quenchi ng oendliaoweddr atactfor apSeoxirhately1] hounradd ther end ofSteehoup theypulp s
nodified b he follow.n rocess: . The fibers a a

appr oxi mat _gls _ w&%ﬂ&ﬁ‘%‘#@’e@oﬁ@?ﬁ%ﬁ’cwd [i‘%sﬁiﬂvgfé %foé(r“glgtrg %ggé gth%f
120[err] F | %@n&& Rna%rxaﬁg divafiredPind- BREhr AnERHRE filer paper! T8 réskifingol urre/ wi

addi tion of rezyne 5.0 L on bone dry pulp) for-approximtely 15 seconds
via a Li ght pulp cdkels rhenedihted gh2,000'mL Rathhiaptveater m)dmtesraiqb%ogr%qqﬁ wat er

bat h. The unnodifi ed pul p_cake . is _preheate 0 xi.mately 120[err]F via
a m cr onave 'eXpApions dn aEwiﬁt%dﬂéﬁqswﬂsf?éorgﬁvﬁgﬁf%gﬁ’ ¥ €ure. The mi xi ng

rate of the Lightnin' mxer is increased to achieve continuous turn over
and agit at i ®ample 1Gis aNPK pulp reptedvithgut en@@eso react for approxi mately 1

QgrLt i éﬁl E)P et g? ?;@%fé&gﬁﬁ%ﬁﬁgﬁ?& Fia %f);i)r%Qin?a%li' o8, c%gsiggen&f. Piskiibeld Wdo! )
preheated to 120°F is first mixed with 30 mL of a 1% lauryl trimethyl ammonium
chloride (Sherex Chemical Co, Witco Corp., Greenwich, CT) (1% wt active
chemical/wt dry fiber basis) for approximately 15 seconds via a Lightnin'® lab
mixer (Lightnin', Rochester, NY) in a 120°F water bath. The unmodified pulp cake

is preheated to approximately 120°F via a microwave oven and is then added to the

i

debonder/water mixture. The mixing rate of the Lightnin'® mixer is increased to
achieve continuous turn over and agitation of the pulp slurry and allowed to react
for approximately 1 hour. At the end of the hour, the pulp slurry is quantitatively
transferred and rinsed with approximately 500 mL of distilled water and dewatered
in a Buchner funnel with filter paper. The resulting pulp cake is then diluted to
2,000 ml with tap water and disintegrated for 3,000 revolutions in a TAPPI
Standard Desintigrator before handsheet making.



brom de (Al drich Chem cal Conpany M| waukee, WL catal ogue No. 14,002-3) in
-36- distilled water is added to the enzynme/pulp slurry to achieve a 1%
add-on level (wt active chemcal/w dry fiber basis) and allowed to
continue nA¥F6¥dr a second hour at 120[err]F. At the end BETAURS/IEM30ond
hour, the pulp slurry is quantitatively transferred and dewatered in a
Buchner funnel with filter paper. The nodified pul p cake is then added to

appr oxi mat el y. . OCL (4 ni. of Clorox in 2,000 nL of
distilled wa &5‘3)3193%lghg\{ﬁﬁmﬁggﬁ%g]%%ﬁlml&e?'o react for a m ninumof 5
mnutes at room UBHEDEbalsUire theatedURNgipradidhately BREEorREeHRP. DRGNS Wate th the
cel lul ose. After quenching, the nodified pul’p slurry is quantitatively

t r ansf er r ed paehtatddrtod@0Wr ishfirspmixed with ¢0 Ll 059 08%nN-detyldN N-dimathiylaminer and
dewatered in _a,Buchner f el with fjlter .paper he suj ty L fied
pul p cake i L¥9R qpﬁ@ez{% 0'2%5@’ 1 'e]]f:%’q‘f‘glb %i)aru%dwﬁilg{ﬁ?\gg‘?’ﬁ'ed f or

3, 000 revol yfi ' d I AL g}}?’{, e 31?&5 e

maki ng. Sa%*“gﬁ‘?ﬁd“?é‘@n%ggﬁ ?r‘r’?gﬁ?% ?%g? fl?% %{? | |%‘gﬁ{)35t#§ ol Pgaw?ng
process: Lightnif'® Jabl pixeakEightniht dadchesteri NY)pimui IB0°E| watar dathst Jhei ng
consistency. Distilled water preheated to 120[err:lFis first mxed with 30
nL of the 1o%nmadifigdypulpsiake ipreheasd,t anpspximatelidi#Q°Erviaf mMiLFAYIMPOVEN0 L on

b d I .f ' ly .1l i .Li ght.ni p., | '

(L1 ght i n' B8 Hep ARBEQ) B bobadRFr As, TP Buibnd Mk of theaanle oo
cake is prehfpkersh inbreaftid t8'achRYE bontidBhLfum byt dhdhgithidrOvethe RyLfuapd i s
then added to the enzyne/water m xture. The m xing rate of the pul p/ enzynme

slurry is i radedloagdtito reartifor approxithatelp Ushauar Atathe endrof theyhour ithenpulpd
allowed to react .for appr.oxi mate hour. t.he end .of the_enzyne
reaction persi?‘g&f ‘%(ﬁ%ﬂg%fwéé’ 1%‘?%%‘7‘%0 &j_§‘6‘F“§i i BPPIPW&W%WQ%W
amoni um chl péhig %@Pg?(d%{%&% aBhc rltfﬁ&xel@%&r filldF P The résditi

D . @ . n%n
distilled water is add to the enzynme/pulp slurry to achi eve a 1% add-on
| evel (wt agqilyealehisntherakdiluted do \2,000bmi Witk itap) waterd and ldisiveegrated don B j0Ade

m xing for a second hoyr. at 120[err]FE. At the end of the second hour, the
pul p sl urryrF’égiH%%?t‘Pta AR%I%W’% F%Fﬁ‘%?ﬁmég Oﬁgm&@te%td"?]ﬂn%t Buchner funnel
with filter paper. The nodified pul p cake is then added to approximately
1,000 nL of éﬂ@@lgmmé\@m(msmubﬂnh@mmﬂxﬁqdbz,tb@@llﬁwn@gprep@sn |l ed water)

solution, m xed, .gnd.allowed to.react for a mpinmumof 5 manutes at room

tenperature to g cﬁg%fﬁf"f %‘?ﬁgra%MW?ﬁgg%oﬁ@S PRt %‘s{j@?‘fw{%e.

After quenchiriitbatdd® 1POCF fié Gekt RiixBd SHH 50 mIS of 4 A idadAyHREY sdliddis {195 ed
volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately 15

seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
hour, the pulp slurry is quantitatively transferred and dewatered in a Buchner funnel
with filter paper. The modified pulp cake is then added to approximately 1,000 mL
of a 100 ppm NaOCl (4 mL of Clorox®, available from The Clorox Co., Oakland,
CA) in 2,000 mL of distilled water) solution, mixed, and allowed to react for a
minimum of 5 minutes at room temperature to quench any further enzyme reactions
with the cellulose. After quenching, the modified pulp slurry is quantitatively
transferred and rinsed with approximately 1,500 mL of distilled water and

dewatered in a Buchner funnel with filter paper. The resulting modified pulp cake



-37- and rinsed with approximately 1,500 nL of distilled water and
dewatered in a Buchner funnel with filter paper. The resulting nodified
pulp cake is then diluted to 2,000 nL with tap water and di sintegrated for
3,000 rev ' in a TAPPI Standard Desintigrator before

maki ng. %}aéjr%)q/%g% Is made frompulp that is nodified by t%%ﬁpgﬁhggm&ng
process: The pul p cake is treatgd at approximately a 3% starting
consistency. Distilled water preheated to 120[err]F is first mxed with 30
mL of the igthGadiutedro 2H00Nilowith 18 wattiiare) disinegriiddi fon 3,600 Gavobaior®in 5. 0 L on
bone dry pul for a pc{ xi,mately 15 seconds via a Lightnin lab m xer
(Lightnin' 2 e%@‘ifﬁ‘ ntigiatgr beforediandshegipdiingat h. The unnodified pul p
cake is preheated to approximtely 120[err]F via a m crowave oven and is

t hen added SewplendF i§rmg&mmN§K piilx that is. madiBedbx thedolewing ptocesse pul p/ enzyne
slurry is incregsed.to achjieve, conti nuous .turn over, and I tation and

al lowed to react PFofibeTy AreoKraied at 91’1?{0%%3.17%% tRBSIFREY o f ?)?ﬁélaeg n¥3ieke
reaction pegd o 0 I | Wt | bire ( Dow
Cheni cal cg?éh%fkﬁ? gﬁc}%?iﬁ first e S %’?&“f%%ﬁéﬁ‘%@?@?ﬁ?%% pul p
slurry to aohinemjet addifiomdf Carezyee®l 5.0 I odbhe drychhép) forl apptoxitnatellyi Iser basi s)
and allowed to _continue mxing for a second _hour at_120Q[err]F. At the end

of the sec&s@nADYia adnghtpnl® lay mixey (LightuinnRochastereNy) ik #nk2EF rwaierand
d t d i h . | oW f.lt T | fa ke i
evat er ed 03 Bﬂl% {fehodifigd! ep_tx,l;\ém d%pemié géﬁ%a@ggt%:)%%r@ﬂeq* 41'2%% R'Li'i b cake 1s

then added TO approXxi na er - of @ orox in

2,000 nL omielioSave besh MiltiS then 28ded! to Tb erl¥ynAvatdifixfilre. OTREImbxang fRcsf for a

m ni mum of 5 minutes at roomtenperature to quench any further _ené?/ne
reactions e hightmin'@emixgr issincreaseddp aghieve pontipuossharmpwsrianddgpation of urry is

titatiyely .t f d ri i th. I.mat el 50 f
ot 11 e ik b TR B o2 orrea e AP C ARt At 1% 800 0L The
resul ting KD, Bieaship Yy G ittt D rslifeH@ Sd v 003 Bt hadehat er and

disintegrated for 3,000" revolutions in a TAPPI Standard Desintigrator
bef or e hanasdthefdterpagem §The mBalifi¢depulp calee isditbm dddedrtopapppoxtimatelyi 509wl i ed by

Che o1 o g BRI s Vi B Sy OO £ 3,
m xed wi thp30.4ManafailbbliRad ]tg/or&@f g{ryﬁirﬁﬂltﬁﬁ bPH rﬁﬂﬁ’f?e\é%lt Yo8h W mp& SHutd Q)g of

Carezynme 5.0 L on bone dry pu r approxi mately 15 seconds via
Li ght ni n[ equ¢nchasmyrifureer (ehizyyhn meaetionRedthethieecelluldsg. | After quenching, the

modified pulp slurry is quantitatively transferred and rinsed with approximately

1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.
The resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before
handsheet making.

Sample 1G is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 30 mL of a 1% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for' approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of |
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the

enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium



-38- a 120F water bath. The unnodified pulp cake is preheated to

approxi mately 120F via a m crowave oven and i.s then added to the
enzyme/ wat er m xture. The mixing rate of the pul p/enzyne slurry is

i ncr eased MQ9EPRleve continuous turn over and agitati on anBCHUSSRMEMX o
react for approximately 1 hour. At the end of the enzyne reaction period,
the pH of the enzyne/pulp slurry is thel-adjusted to pH 7.5 with the

ddi ti f . , 9 | ' f - NN-
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the follow ng progesiders are treated € aPproRintAK9 3% star@l eshsRtenspPDixtilEAt el y a

3% starting consistency. Distilled water preheated to 120[err]F is first
m xed wi t h B@tenprebeatedito 196Fais dirstmpixed Iwith 60 nfl1 0 o d feresyma@dsolution of

Carezyme 5.0, n_bone dr for approxi mately 15 seconds via

Li ght ni n[ er&])"_ V&M??%?ﬂ%’ﬁ?ﬂ‘%?ﬁmﬁcﬁé& ‘E’rnl?" PHIPE?QE?@P@P‘PWC&M er

bath. The upyadih Bhaf® | it "F)afn r1F via

a mcrowave ovehﬁgﬁﬁa&&?ﬂen adﬁﬁ%@% eﬁ,}}%ﬂ#&%{‘?ﬁ m %hgro:?%ﬁéer m. xi ng

rate of thebathl pThezymeodified pylpi sakendy pashested cto agppreximatebntl20Uowia taur n over

and agitation and allowed, to react faqr approxi nmatel 1,]{t};)ur, At the end of
u

the enzynme BEERYVFVPY58ANE &S themadded 4¢ the enaymeivates mixWe. (thedpidng tatgpfy |

trimethyl ' Lo | : I 1 C : V1 c s i ch,
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add- on | evethe (polp siRbry\addcdiiomed ab redet EoryapprdimaeBs i hbunndtahd embdf the
continue mxing for 55 mnutes at 120[err]F. After m xing of the |auryl

trimet hyl ofpFpmeuTeRetinmpeded, a3t miheofnddi% | (/v selefionr pf hexamethongumy 204
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Il bers Is then
active chemical/wt dry fiber basis) and allowed to continue mixing for a second

hour at 120°F. At the end of the second hour, the slurry of modified fibers is made

directly into low density handsheets without filtering, quenching or disintegration. -

Sample 11 is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 30 mL of a 1% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of tetracthylammonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 14,002-3) in



made directly into | ow density handsheets w thout filtering, quenching or
disintegration. Sanple INis nmade frompulp that is nodified by the

foll ow ng process: Three unnodi fied pul p cakes prepared from section
B above are treated at approximately a 5% consistency in a rk 11
hi gh int e¥PPY54%8b nixer. Distilled water preheated to lzofgf&?fwﬂé%?i r st
mxed wth 45 nL of a 2% Carezyne sol uti' n (1% vol ume/wt addition of
Carezyme[err] 5.0 L on bone dry pul p) for approxi mately 10 seconds and
transferredafsBntd vatir X 8dHeH 26 BR enthinepulisiurBeR achlc0d RAYIRA-bA 1¢VR] (Wiai n
120[err] F tenperature. The unnodified pulp cakes are preheated to

appr oxi mat ehgtive2¢esricdlivtvdry fiberibesis) alioweed terepntinee miding fayadeeand: he
enzynme/watefr mxture  After th idis secured to.the top of the vessel,
the mxer sHIE 24 giq ﬁenAéﬁy’aﬁ%‘g°¥ 3‘%‘3?"%‘?% Ty gkleep't‘}f’ SSW &ﬂ“ﬁ’t“&%ﬂye , 200 RPM
(high inteng L hROdevh Wite Alts APBE IThe 1Abdifies plipTRI Nder
of the hour%ﬁgﬁg at efgésé&%ﬁgg}?g%&@glconds oc@grs every l10 %ﬁ%ut es. At
the end of thie Bnhynaddeded approgigtateld, 1,000empudfpa 100rppm NaQlig@t mbagfi vel y
transferred and dewatered in a Buchner funnel with c aelgsecl oth tQ retain as

mich mat eri Sloras®yas§10 BL of distilled Watsrhsplgianpmaxpdean dda reach
h | ot h d | K |t : NaOCl -
(4t ot ° ot RS of S EhaRs Brobfh ERBRAKLITH elcradiHirilr Ry 1o

al | oved to keaCthel llufoss] NARMMqEénching| e afdiiedr puipnshenpéy ghantieativelyquench
any further enzynme reactions with the cellul ose. After_qguenching, the pulp

slurry is qtransfewred iand| yinsedanvdthe mpproximatelehd0Q rml ph distBlgdnwater fadnel with

h loth t t.ai t er i ble.. i i nsed
W h appr ox CFEEET 1 AR Gro e AafiopBt oot BB R bl IET L P hg
pul p cake i g fegufcked E&ﬁbbbwaﬁﬁsﬁg%hﬁ%@egﬁmf& 3,000 RSBRIGGhOT t0 30

bone dry grams Is then diluted to wth tap water and disintegrated

for 3,000 raRARRI SsarslardDesifiigator Btfaredwndsheetanakingyr at or bef or e handsheet
making. Sanple 10 is nade frompulp that is nodified by the foll ow ng
process: SampleSi s wiude dioti pulp fhat 5 raedifisd by thedoliovihg procsssct i on B above are
treated at approximately a 10% consistency _in a Qjagtum Mark 111 high
intensity |ab ni Xde. Popsedke| isqtrepied rat parpradmatgly 8 1720 FEFIPBFCONSISISNCEt i xed

with 90 mL of. % Car ez or : . . 0
-40- sol ut ﬁdﬁtﬁle%‘%' ﬁﬂﬁ%%d tg&&PtFi %rﬁrgtfm e? gﬁ@r%& . Sflt_heoln/ogglr'\eezylal?? pul p)
for approxi geheiby (1% seReiAs: additiéd N LéAyREE@ 05.0e o komgdmepsip) fohi ch has

been programmed to maintain 120[err]F tenmperature. The unnodified pul p
cakes are approximately 15 seconds via a Lightnin' lab mixer (Lightnin', Rochester, NY) in'a

120°F water bath. The unmodified pulp cake is preheated to approximately 120°F
via a microwave oven and is then added to the enzyme/water mixture. The mixing
rate of the pulp/enzyme slurry is increased to achieve pqnt_igqous turn over and
agitation and allowed to react for approximately 1 hour. At the end of the enzyme
reaction period, 30 mL of a 1% (wt/vol) solution of lauryl trimethyl ammonium
chloride (Sherex Chemical Co, Witco Corp., Greenwich, CT) in distilled water is
added to the enzyme/pulp shury to achieve a 1% add-on level (wt active
chemical/wt dry fiber basis) and allowed to continue mixing for a second hour at
120°F. At the end of the second hour, the pulp shurry is quantitatively transferred
and dewatered in a Buchner funnel with filter paper. The modified pulp cake is then
added to approximately 1,000 mL of a 100 ppm NaOCI (4 mL of Clorox® in 2,000
mL of distilled water) solution, mixed, and allowed to react for a minimum of 5
minutes at room temperature to quench any further enzyme reactions with the

cellulose. After quenching, the modified pulp shurry is quantitatively transferred



preheated to approximately 120[err]F via a m crowave oven and are then
added to the enzyne/water m xture. After the lid is secured to the top of
the vessel, the mixer shaft is then engaged to mx at a rate of

appr oxi matwbwsssgs®0 RPM (high intensity m xing) for 10 secopcsussstisdsen
stopped. For the remainder of the hour, mxing at 1,200 RPMfor 10 seconds
occurs .every 10 mnutes for a total of -3@ seconds. At the end of the enzyne

reaction period, the pulp slurry is _gquantitatively transferred and
dewat er ed i A0Q THSEH YEith pppregimattly nl.o0Mk aale of Aistilled” watenpnd sewaisted Hateri al

as possi bl e: rﬁﬁyﬁ_l |3 ke, | I 2 e liqrhqsand is
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2,000 niL of t6li2g000l i@ dwivht@p )wa€ ad aRintégnsed forB00@ rbvoletbristinf £TAPPIOr a
m nimumof 5 m nutes at roomtenperature to quench any further enzyne

reacti ons wiStandardDesintigrator befoyer handshggtomekingg, the pulp slurry is
quantitatively transferred and dewatered in a Buchner funnel wth

cheesecl ot h SampletKiismade frumipulmthat isahodifedbpthe foliowinperocasse i s then rinsed
wi th approximtely 3,000 nL of distilled water and _dewatered. The resulting
pul p cake is peelld§ Pulpnfalgeisc trsatsd catorppraximately mple SBHRS GOBHSEMY-t 0 30

bone dry gr 4 | o e |.Si i egrated
For 3. 000 r SIS S riherhd iR 0B ks Byl d L B L2 Carlo b PO
nmeking.  Sagplutiod R1%s voReR/ W addifith RftGatkzinte®0di0f Le6n honé iy fralg)ofer ng
process: Ei ght unnodified pul p cakes prepared from section B above
are treat edapprozimatelyi Ifasccondsavia 8 Lightuio®s labtraixes/(LightainQRochester\NYR i | | hi gh

i nt ity | ' i still ed wat heat.ed 120 E is fi I Xxed
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m Xxi ng vessel - which has been programmed to maintain 120[err] F tenperature.
The unnodi f irate ofuthe pukierszymeesimre e dnaeased tapphievd nertiiupusl 0hervet BEndi a a

m crowave oven and are then added to the enzyne/ water m xjugpe. After the
lid is secuPB{Hoy ﬁ“ﬁ@%ﬁ’b‘ﬁg&? r?%g\fé‘gg‘&x,’m?‘ﬁé ﬁ%f Adithe F’“g Q‘F ﬁ’ﬁé‘fzgﬁﬁaged to
mx at a ra ' - ' ' e h Xl 10
seconds andgﬁ?g%n t op&Sgg mgtyg %e(%r?gr érélﬁdl(edrz5 h%?tﬂgﬁféﬁ"al%%{e @%%@E&i

-41- 1,200 Re)\Midiand MBdna distitled deaturds eddadyto tBe shzymiedsulp sturyhie acliidveod t he
enzynme reaction _period, the pulp slurry is quantitatively transferred and

dewat er ed i i% addrendevel (wh setive,chemiealivétsdy| fiher besis) andaplioved 1a,eqntintg er i al

as possible,. ' €4 I f t and is
2 0053101 i 62 Wb ol Raacend e RRE L Bile LG RIS Ghfls 1 | <
2,000 L of qdaraitattveBdtrimifared £l déiwatied 1 X Bdchnep finakl Witk dilteppaperacThé or a
mnimumof 5 mnutes at roomtenperature tgﬁauench any further enz%Fe

reactions wmadifiederulp ks isdhen added to apprasimately 11088 mluiop adi00mpn NaO
quantitative) ¥t fRARTS ST 280 B R B4 ) BIGENE mixed, and allowed to

react for a minimum of 5 minutes at room temperature to quench any further

=

enzyme reactions with the cellulose. After quenching, the modified pulp slurry is
quantitatively transferred and rinsed with approximately 1,500 mL of distilled water
and dewatered in a Buchner funnel with filter paper. The resulting modified pulp
cake is then diluted to 2,000 mL with tap water and disintegrated for 3,000
revolutions in a TAPPI Standard Desintigrator before handsheet making.

Sample 1L is made from pulp that is modified by the following process:

The pulp cake is treated at approximately a 3% starting consistency.
Distilled water preheated to 120°F is first mixed with 30 mL of the 1% Carezyme®
solution (1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for
approximately 15 seconds via a Lightnin® lab mixer (Lightnin’, Rochester, NY) in



funnel wth cheesecloth to retain as nuch material as possible. The cake is
then rinsed with approximately 5,000 nL of distilled water and dewatered.
The resulting pul p cake is peeled fromthe cheesecloth and a sanpl e

correspondlng to 30 bone dry grans is then diluted to 2,000 HQ tap
.z SPernspiibes

wat er and VP 2838984 ated for 3,000 revol utions in a TAPPI

Desi nti grator before handsheet making. 3’E;Sarrpl e 1Qis mude frompulp that is
nodi fied by the foll ow ng process: Si x unnodi fied pul p cakes

prepar ed fromegokitefbdth aivﬁéfemﬁa&iﬁ&d SabRdkéfs préheated kd'BSpRbiimateOP20°F
consistency in a Quantum Mark |11 gh intensity lab mxer. Distilled water

preheat ed t wam[mwﬂé dvenfand é then nédbd\monhe ey me/weteramDIerea Tae wisingo| ut i on

(1% vol une/ w of Car rTESOLonbne dr

appr oxi mat efaje fg%“e d‘?zlé'ﬁﬁ S n&sf'é‘F‘feé%th@ 3 é"vﬁl%?ﬁﬂg“‘wgst%ll oY% has
been progray Hai16ted [ me t d é ul p
cakes are pr ,ﬁggﬁle tg appgbo%lg%a@g?%ﬁ err?%‘“&faAgaﬁégP(%e %xéﬂr@] and are
then added teactidrepesivdytie/pibsfithe enzyine/pulp ditreiis thewadjisted o e ZSrwith the t he top

of the vessel, .the m xer_ shaft is then_ e ed t X, at

appr oxi mat eﬁ@ﬂltloflwﬁ Q?QiI\/N(HaQﬁI i A0emki ?@/arﬁq lgo‘gl ‘E@Hd@%ﬁlﬁ‘{ er the
initial high ty e n for 10
seconds dur egﬁr?ﬂlg@naecoégan% mﬁ§§ l(h\§er fnh%u?lmhx gn?esrtr%ilggﬁé}ﬂof t he
hour except jsahddedn®s tigf e Qo Nchieve a Wera&d-hnglevd:ln(vansctivy m xi ng

at 1,200 RPMis done at g%' second durations. At the end of the_ enzyne
reacti on pechesicaltvicdnyifiventbasis) ard allpwed tofcontime, miing £ sseond; hewy %‘0 9%

Ui Tate (snF: CRERE R R RORTR il ofiioHined TR RO o o

and 50 nmi Oﬁ}é? 8 Wit ICY.Of e ROdifkd 9mp(slur}/qsa@ldnﬁﬁuwy AratisteirBasd n@s‘edl aur yl

trimethyl a nium
chl ori de ( Shitheappfiximatel SQu)mLWﬁ distilizel water @nd dewateriad iTHE) Bychnefi fsmmrll ed

water and is ed to t enz me/ t.0 .ac add- on

| evel (wt a@’ﬂtgaﬂteé R&Rffc Q'SF "E‘?Jb&’rdsﬁ‘g éje s Rfef‘g‘ "ﬁé sz?oé% 5’& in
secured to 0bf fevdlytfhs SATAPPE SlaR8td TRIMERMAL0 M x at
a rate of a{agr oxI mat cfézﬁ‘%gx% Sf%%l%il ?J}E:?egh |ntsen5| ty mxing) for g seconds
and t hen stbmmhanﬂsheetimakmgxt 30 minutes, mxing at a rate of
approximately 1,200 RPM for 10 seconds occurs every 3 mnutes. At the end

of the treakample IMNid de bR pRlY Bash Woaifiddbyaardliowng pretssst r ansferred and
dewatered in a Buchner funnel with cheesecloth to retain as nuch materi al

as possible. TheTbaklellpscaﬂ(helﬁ r¢atesk @t \approXEmaelyx B ndlte Siprting oernsisiengy.

distill d d dewgt | t. ° th
cheesect ot hoitled VEiGRareaish 2 LA Aertbat il ri oF ied R CRleBnb@ T | 1P
to 2,000 ”Ls&hﬁbn 162 V@lhx%/vﬂ%dﬁioﬂ ot earayReel 05,03, QAO0bsvalyupilpNgori N a
TAPPI St andard Desintigrator before

approximately 15 seconds via a Lightnin® lab mixer (Lightnin', Rochester, NY) in

U'N

a 120°F water bath. The unmodified pulp cake is preheated to approximately 120°F
via a microwave oven and is then added to the enzyme/water mixture. The mixing
rate of the pulp/enzyme slurry is increased to achieve continuous turn over and
agitation and allowed to react for approximately 1 hour. At the end of the enzyme
reaction period, 30 mL of a 1% (wt/vol) solution of lauryl trimethyl ammonium
chloride (Sherex Chemical Co, Witco Corp., Greenwich, CT) in distilled water is
added to the enzyme/pulp slurry to achieve a 1% add-on level (wt active
chemical/wt dry fiber basis) and allowed to continue mixing for 55 minutes at
"120°F. After mixing of the laury! trimethyl ammonium chloride and the modified
pulp shury, 15 mL of a 2% solution of carboxymethyl cellulose (Aqualon
Company, Wilmington, ISE) (1% wt active chemical/wt dry fiber basis) is added



handsheet naki ng. Table 1 gives the results of the density, dry
tensile index, dry and wet zero span tensiles.indices, and DI/ DZST rati os
of the | ow density handsheet sanples made. It can be seen fromthe Table

t hat enzynwormsadsdsicati on of the fibers with Carezyme resul tscirossubsdzant i al
reduction of the dry zero span tensile index (DZST) of the NSK fibers while
mai ntai ning or inproving the overall drystensile index (DT) of the sheet

conpared to the handsheet sanple produced from unnodified control fibers.
The addi t i ortngfallewedite gentinus sriaingsfor § mipwtes EheAurpbef mpdified fibarsds thent her

cneyre. tr oattin GEl SRR, LhB RIGELEY kRO TR, Ml

results in elgfegfatioher reductions in DZST without negatively inpacting
sheet tensile. -
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T reduc

Control NSK** Three unflodifiéd pulB€akds prepared frdrfi.s8ction B.above arkAdeated stA (1%
HVB) * * 0.152 142.8 . -2.8 14. 5 9.8 _ 118.0 1B (3% TEAB)**
0.195  137.agproxgmately a $56 ponsistency in a Quantum Mark HbhighApgensity lab mixer.o. 153

1403 g s g High s e AL 35 gt gt 2k

19,05 S o 00 L o o G180}, 4 e 88, 1341

34.7 1H (2%ppoximstehiVB) seconds 1ap8 tranzferigd tosthe dmixingl ¥essel whighchas bep. 7
programmed to maintain 120°F temperature. The unmodified pulp cakes are
preheated to approximately 120°F via a microwave oven and are then added to the
enzyme/water mixture, After the lid is secured to the top of the vessel, the mixer
shaft is then engaged to mix at a rate of approximately 1,200 RPM (high intensity
mixing) for 10 seconds and then stopped. For the remainder of the hour, mixing at
1,200 RPM for 10 seconds occurs every 10 minutes, At the end of the enzyme
reaction period, the pulp slurry is quantitatively transferred and dewatered in a
Buchner funnel with cheesecloth to retain as much material as possible. The
resulting pulp cake is peeled from the cheesecloth and is then added to
approximately 3,000 mL of a 100 ppm NaOCI (4 mL of Clorox® in 2,000 mL of
distilled water) solution, mixed, and allowed to react for 2 minimum of 5 minutes at
room temperature to quench any further enzyme reactions with the cellulose. After
quenching, the pulp slurry is quantitatively transferred and dewatered in a Buchner
funnel with cheesecloth to retain as much material as possible. The cake is then
rinsed with approximately 1,500 mL of distilled water and dewatered. The resulting
pulp cake is peeled from the cheesecloth and a sample corresponding to 30 bone dry

grams is then diluted to 2,000 mL with tap water and disintegrated for 3,000
revolutions in a TAPPI Standard Desintigrator before handsheet making.

Sample 10 is made from pulp that is modified by the following process:
Six unmodified pulp cakes prepared from section B above are treated at
api)roximately a 10% consistency in a Quantum Mark III high intensity lab mixer.
~ Distilled water preheated to 120°F is first mixed with 96 mL of a 2% Carezyme®



11 (1% Cz, 1% TEAB) 0.154 80.6 42.0 16.5 4.9  36.0 1J (1%
Cz, 1% LTAQ) 0.153 89.3 35.7 17.3 5.2  38.9 1K (1%Cz, 1%
TEA) 0.155 93.5 32.7 19.6 4.8  45.2 1L (1% Cz, 1% B1OS)
0.155 91, 293/54;%?{12 17.6 5.2 453 1M (1%Cz

, 1%P ofk 147
79.6 420 4.3  29.1 LTAC/ 1% CMC) I N (1% Cz PCEfURPHY

0. 136 99.8 28. 2 17.6 5.7 46,0 10 (1% Cz, H M 10% k) 0.134
90.7 34.7 19.1 4.7 33.5 P (1. 1%CZ HM13.3% 0.122 81.3

41.5 19. &.:olutioﬁ- %I% voﬁﬁn@wk)addﬁi@n(éf%?ﬁézyxﬁe@‘%S 0 L on KbnéSdry puli®. for 46. 9
22.9 3.2 DTDVAMS + 1.1% LTAC, H M 10% k t hroughout)
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an exanpl e oénzyime/watersmmxre.n\ﬁa%urltm lid is secured to the top of the vessel, the mixer
EXAVPLE 2: shaft is then engaged to mix at a rate of approximately 1,200 RPM (high intensity

mixing) for 10 seconds and then stopped. For the remainder of the hour, mixing at

1,200 RPM for 10 seconds occurs every 10 minutes for a total of 70 seconds. At the

end of the enzyme reaction period, the pulp slurry is quantitatively transferred and

dewatered in a Buchner funnel with cheesecloth to retain as much material as

possible. The resulting pulp cake is peeled from the cheesecloth and is then added

to approximately 6,000 mL of a 100 ppm NaOC! (4 mL of Clorox® in 2,000 mL of

distilled water) solution, mixed, and allowed to react for a minimum of 5 minutes at

room temperature to quench any further enzyme reactions with the cellulose. After

quenching, the pulp slurry is quantitatively transferred and dewatered in a Buchner

funnel with cheesecloth to retain as much material as possible. The cake is then

rinsed with approximately 3,000 mL of distilled water and dewatered. The resulting

pulp cake is peeled from the cheesecloth and a sample corresponding to 30 bone dry

grams is then diluted to 2,000 mL with tap water and disintegrated for 3,000

revolutions in a TAPPI Standard Desintigrator before handsheet making.

Sample 1P is made from pulp that is modified by the following process:

Eight unmodified pulp cakes prepared from section B above are treated at
approximately a 13.3% consistency in a Quantum Mark IIT high intensity lab mixer.
Distilled water preheated to 120°F is first mixed with 135 mL of a 2% Carezyme®
solution (1.12% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for
approximately 10 seconds and transferred to the mixing vessel which has been
ptogrammed to maintain 120°F temperature. The unmodified pulp cakes are
preheated to approximately 120°F via a microwave oven and are then added to the
enzyme/water mixture. After the lid is secured to the top of the vessel, the mixer
shaft is then engaged to mix at a rate of approximately 1,200 RPM (high intensity

mixing) for 10 seconds and then stopped. For the remainder of the hour, mixing at



Treat ment of NSK Fi bers with Cel |l ucl ast Nort hern Sof twood Kraft
(NSK) pul p cakes from section B above are treated and nade into 4 | ow
density handsheet sanples (6 sheets per sanple) using the procedure
outlined aBKYB/S6%%e control NSK pulp is the same as in Tabl @CIUSISEM e 2A
I's made from NSK pulp that is nodified by the foll ow ng process: The
fibers are treated at approximtely 3% st#lrting consistency in a 50

Ilinolar b d d 7. Th
but  ersol uti sA00 ASaficet 08 oot elRsrehyaf apRe S Al Bhtip e B s 106
Cel | ucl ast soieuwaﬂpéﬂ% ViRt Yy Whur Ui Ghaiirativelyelrhnifertdl andk Gewateidddang dry

pul p) for apprOX| mately 15 seconds via a Lightnin' lab m xer (Lightnin',
Rochest er, NYBu¢hnen fumugl ewxﬂ} Rheesedothbta retaifinas umtrbdnahead pulppssitice The

preheated to [.0XI 120[er F via m Cro dis en added
to the enzyrre?cg‘@f nﬁlnp E]I‘?l t&h‘?‘}FV&ﬁg s anaﬁ“ ‘;E’téa

increased to gtgo ! lurry
and all owed t eact r aggg%?ftr?;ﬂtdg%%our (429Ltoﬁe ené@#?ﬁ%@wgﬁ?f t he
pul p slurry idistimihwategtsolutioy, mixed s allxivednol rehetfor amsidirum af Bunipoes af unnel

with filter paper. The nodified pulp cake is then added to a pI‘OXI mat el y
1, 000 ni of aromoteﬁlmme@q qeenchiany furthes epzyme reactiens with B cgfluloss. | Aflexnat er)

sol uti on, I oom
Sommer ot ur o 1 itncBRe, B oD if £k AR REH Th e bR Aok

Af ter OIque '?(r:]hl ﬁhﬁnelt\bﬂh raaeéswem tl@%&xrﬁ'ab”nﬁdbh'rﬁat@ﬁﬂrﬁs' poriblee! ’Yhé Eﬁd%SiE ghdred and
ri nse W

appr oxi mat el yrinsed gGthrappesximatshy 5,0%nﬂlaofedlsté}ed vca&wmndrdewatemda 'Bmmkmgf unnel

th filt Th | t dif ak t di | d,t
5 000 L v t PP Gekens BeIER Hotm BF sieegrdbBinil 5 BesbiGrieaniing 50 BoRe 457 app
St andard Desigthingrigtfien RfiuRACN 2006 NRET with Khp GvaterSaRd |d?sn§§>graﬁd%fle.a dgoom NSK

pulp that is nodified by the follow ng process: fibers are
treated at appvotiosstielaTAPRIcSraxdasd Besintigratoa b5ﬁ>reﬂ1dﬂdshnctmakmguffer sol uti on
of sodium acetate and acetic acid of pH 4.7. The buffer solution, preheated
to 120[ err] F,Sansplé il Qsis nirds Gdmpilp tieR istnodified b thdPllbwilgasibessel ution (2%
volume/wt addition_of Celluclast[err] 1.5 L on bone dr ul p) for
appr oxi mtely 15 s o‘mod)ﬁ%d Rulpl Wmmepambfrm&qcnpm%ta Pienare treatasest er

. 2 120Gl LR MRIEL 189! DonsNSey MR Elanfith RALR MG IRl RStk ©

apprOX| mat el y
Distilled water preheated to 120°F is first mixed with 90 mL of a 2% Carezyme®

solution (1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for
approximately 10 seconds and transferred to the mixing vessel which has been
programmed to maintain 120°F temperature, The unmodified pulp cakes are
preheated to approximately 120°F via a microwave oven and are then added to the
enzyme/water mixture, After the lid is secured to the top of the vessel, the mixer
shaft is then engaged to mix at a rate of approximately 1,200 RPM (high intensity
mixing) for 10 seconds. After the initial high intensity mixing step, low intensity
mixing at 120 RPM for 10 seconds duration is accomplished every 2 minutes for the
remainder of the hour except at times of 25, 40, and 50 minutes where high
intensity mixing at 1,200 RPM is done at 20 second durations. = At the end of the
enzyme reaction period, a combination of 40 mL of a 4% (wt/vol) emulsion (0.9%
add-on to dry fibers) of dihdrogenated tallow dimethyl ammonium methy! sulfate
(Sherex Chemical Co, Witco Corp., Greenwich, CT) in distilled water and 50 mL of
a 4% (wt/vol) solution (1.1% add-on to dry fibers) of laury! trimethyl ammonium



m crowave oven and is then added to the enzyne/buffer m xture. The m xi ng
rate of the Lightnin'[err] m xer is increased to achieve continuous turn
over and agitation of the pulp slurry and allowed to react for

appr oxi ma our. At the end of the hour, the pulp slu '

guanti t at in'\\?/‘é'ewgsl’gansferred and dewatered in a Buchner funng&(%%%ssﬁ"?ﬁ ter
paper. The nodified pul p cake is then a%g_ed to approximately 1,000 nL of a
100 ppm NaCC1l (4 nmL of Clorox in 2,000 of distilled water) sol ution,

m xed, and ahl@iRSherek CHemidad Cod Witcdi Catp), Trednwith) @B sn Aistilled Wate ARG at ur e
to quench any further enzyme reactions wth the cellul ose. After quenching,
t he nodi fi eds gddgd t thergnzymetpulpsliimraito wchipve a 2s tatalr add-omipvel (eagtivg t h

i ly 1.5 istilled . dd i h f |
o PR rer chamisaton Ay BbetheBish o ARGRAtR LG 38rn SEARETTodle 1ib SLAhF PBEL o
2,000 L wi tihe hARerVRER s BRF eﬁéﬂe&&@ﬁﬁﬁ%@grﬁk@f)f %Mm%?@%ﬁbb RPM (Higik TAPPI

St andard Desintigrator before handsheet naking.”” Sanpl€ 2C is made from NSK
pul p that i dntensity medng)fot h@sdcohdscanidrtberpstoppeds For the next Jthmirfutdseméxiag e

treated at approxi mately 3% congistency in a 50 mllinolar_buyffer solution
of sodi um aé’gtaa"?@ &B@P&%@WF%g'aBSQO 3#’%@41.07&0% GRS SV YES- At eheat ed
to 120[ err] By, 54T e ] i.5 9 L LG tion
(1% vol urel e 54T 55 bptflt Hetiba e ol oy S BRGHEVAT fbibred B

appr oxi nat eldewhbered @i adBushingr durdey Wit Bhdegdoldth | tabremink @ rhbidhghiaterial as

Rochester, NY) in a 120[err]F water bath. The unnpdified Pu_lg cake is
preheat ed t PossibleoxIhragakeyis [rinsed with appgoximately 3,000 mL of distilled water
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m xi ng rat \g%}ég d?%’g&[eladgg{hﬁ irﬁsuliimng)%&p F%‘ei ’ﬁgéeg%dségl%%{%@é%%eg@éh g%&r(l% S%ﬁﬁgﬁs turn

over and agidofeépgindiig thi® Honk AryShidinsYs fef dthileaWed,000 mile&6th thPtvater and

appr oxi matelcg‘l hour. At the end of the enzyne reaction period, 30 nL of a
£3)

1% (wt / vol ) disintegiated &6r BAORANsYblutionsmitrao HARPI (Btandard hDCyimtigrater beforpany

M | waukee, %@t{eal o%ye No. 21,967-3) in distilled water is added to the
enzyne/ pul p P &8N eve a 1% add-on | evel (w active chemical/wt dry
fiber basis) and piploVehel LR MANE AN, 89 tefSIRARMII dRPAd WEt 2Pl err] F.
At the end of the second hour, the slurry of nodified fibérs is made
directly i ntspan temsideninidiogs,anddPEAIZST watidscoft the ilow edensity, hapdshesh sargples

Ot R, LS 20 B L SRl el o R b,
consi st ency e Febds ! Sbchidcraaialol! bOheolnSodbUaficRialkoand acet i c

acid of pH er solution, preheated to“120 eﬁ] , I's tirst mxed
with 60 mL ¢DZST)%r Gkd NSK fibérs seliletmaintafriifg vo impreving theldveralrirptenSi¢ | ucl ast

1.5 L on bone_dr ul p). for approxinately_ 15
r}ndex %DEI)‘ c%) the shee?pcompared to y'the handsheet sample produced from

unmodified control fibers. The addition of chemical debonders to the enzyme

modified fibers further reduces the DZST. Furthermore; high intensity mixing
combined with the enzyme treatment, as well as both enzyme and debonder
treatment steps, results in even greater reductions in DZST without negatively

impacting sheet tensile.



seconds via a Lightnin' [err] lab mxer (Lightnin', Rochester, NY) in a
120[ err] F water bath. The unnodified pulp cake is preheated to
approximately 120[err]F via a m crowave oven and is then added to the
enzyne/ bu /5688t ure. The nmixing rate of the Lightnin mn RPER/USES/II4Y eased
to achieve continuous turn over and agitation of the pulp slurry and
allowed to react for approximately 1 hot#: At the end of the enzyne
reaction period, 30 nL of a 1% (w/vol) solution of hexamethoni um brom de
(Al drich Chem cal Conpany leaukee \E;a.bdnalal ogue No. 21 967 3) |n
di still ed wFrFerr=sadet—to—tHre—ensym FEF = \Sali c : A
| evel (wt agt iSampkh@escriptibn®) dDenfit eDZJS&Si%)Dm aDTo m' (WZSTI je

m xi ng for second hour at 120[err] l, the
slurry of dified fibers is nade di into ljow denisity h gt S
without filfering, quenching gr(aa)i|{Nenfedrednst (Nm/g) all@tl@e p(NymigX t he
resul ts of (Hre=terSHty—ery=—tgRstei-Reex e y—art—ret— ——sae=t4NSi | es
i ndi ces, an{CéxtfdDRSK**ati os off 0he4l ' ; eRlmmge. |t
can be seen £ | Lpers_wit h

Cel | ucl ast Es %$MB wbstantlellsﬁedqﬁzson ofgthe 1y jzepg spangtersile

I ndex (DZST the NSK fiberg whileg maintlainingior inprovingtthe owerall
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produced frgm - 47 uniodgi fied

control fib lré(lJE%&@d“ I on (Tocit_g?m ﬁg‘ 6deb%p1ders 1t4% tlhe %nzynfanrgng_;];: :dz

fibers furt the DZ$

?anple 119?172'&1%8)?5/8;) %%gg 1384, ctig‘ﬁw?ﬂﬁ'f%\é ]r0a§|(dle25é§3r'p;i)on*)

Cont rol NSKf™ : T3S, 9 0. o 21590

2A( 1%C0) 1E (1% CZ)o 148 1090845 | ®0.0 | 30.20119.4 505 4581)1

2B( 2% CO) 6453 67 36- 1-G—7F 4241 2C
0.140 101 13:(2% ¢8) 8 16.1 0.1484. :93.8 325, 9 (189G, 15@VE) 42D

0_ 151 79 /IQ 1 ’Il—'\ Q 0 21 1

lG (1% Cz, 1% HMB) 0.156 81.5 413 18.6 44 347

1H (2% Cz, 1% HMB) 0.125 | 74.8 462 | 142 5.3 27.7

11 (1% Cz, 1% TEAB) 0.154 | 80.6 42.0 16.5 4.9 36.0

13 (1% Cz, 1% LTAC) 0.153 | 893 357 173 5.2 389

1K (1% Cz, 1% TEA) 0.155 } 935 32.7 19.6 4.8 45.2

1L (1% Cz, 1% B10S) 0.155 | 912 343 17.6 52 453

IM (1%Cz 1% 0.147 | 79.6 42.7 18.4 43 29.1
LTAC/1% CMC)

IN(1%Cz HIM5%k) | 0.136 | 99.8 282 17.6 5.7 46.0

10 (1% Cz, HIM10%k) | 0.134 | 90.7 347 19.1 4.7 335

1P(1.1% Cz, HIM 13.3%| 0.122 | 813 | 415 | 198 | 41 | 225
)

1Q (1% Cz, 0.9% 0.156 | 73.7 46.9 229 32 21.0
DTDMAMS + 1.1%
LTAC, HIM 10% k
throughout)




(29€C, 1%IvB) *: CC = Celluclast 1.5 L HVB = hexanet honi um brom de
**: Not an exanple of the present .i nvention
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(NSK) pul p cakes from section B above are treated and made 1 nto Qi%gw

density handsheet sanples (6 sheets pergsganple) using the procedure
outlined above. The control NSK pulp is the sane as in Table 1. Sanple 3A
i s made frort NSKzpuCarekytaé®is) podi fied by the foll owi ng process: The
fibers are trea Ba=t %%i matﬁﬁl }@g@é% consistency. Distilled water
preheated to 120[err pm pro with 1.89g of Celluzyne 0.7 T (6. 3%
wt/wt addi tion dEAGeTItetragthylainr@oriumrbromide dry pul p) for approxi mately 15
seconds via a Li L, ' .aht Rihn:,. Rochester, NY) in a 120[err]F
wat er bat h. TheLS?‘trgqndi,l uldélgth § ca&éﬁ@a&{ég{}e dé?at ed to approxi mately

120[err] F via a THAcT Hiathanolamine and is then added to the enzyme/ wat er

m xture. The m Bi108 =Bdrbx® 1dd1e Lightnin' mxer is increased to achieve
continuous turn r and agitatiqon of the pulp slurry and allowed to react
for approxi mat eF@XQW%}?‘?XY‘%FﬁWL@?@M%f the hour, the pulp slurry is
quantitativel y Hilfvshighiigensitydnitiwat ered in a Buchner funnel with filter
paper. The mdi&;erﬁ%nggge% cake is then added to approximately 1,000 nL of a
100 ppm NaCCl ( 0 Yorox in 2,000 nL of distilled water) sol ution,

m xed, and al | clREPMAMSadihydmgenated tallowrdimEths] ammoniam methybadfateenper at ur e
to quench amg.f ' 1.ih the cellul ose. After quenching,
the nodified pu}I‘B{%I?ﬁrr ?’gﬁgﬁgﬁ"?’ﬁ‘g@\’}%{fx transferred and rinsed with
approximately 1,500 nL of distille pRY B id dewatered in a Buchner funnel
with filter paper. The resulting nodrfredptl p cake is then diluted to
2,000 mL with tap water apnd disintegrated far 000 revolutions in a TAPPI
St andard Desintigrator beftAERSHERHSRSTIDRRIINLCUUCIY o 3B i s made from NSK
pul p that is rmdi}{i d by the follow ng process: The fibers are
treated at appr oXOHAE® f@%"ééﬁﬁtﬂ‘@ﬁ?

of sodi um agef a9 3R @?&Li&nﬁﬁj Rarfsn ! sér’ngles -EE Sh fpgrr sa%r?;llé’}t lixs?rpg the

procedure outlined above. The control NSK pulp is the same as in Table 1.

Sample 2A is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency in a 50
millimolar buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer
solution, preheated to 120°F, is first mixed with 30 mL of a 1% Celluclast®
solution (1% volume/wt addition -bf Celluclast® 1.5 L on bone dry pulp) for
approximately 15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in
a 120°F water bath. The unmodified pulp cake is preheated to approximately 120°F
via a microwave oven and is then added to the enzyme/buffer mixture. The mixing
rate of the Lightnin'® mixer is increased to achieve continuous turn over and
agitation of the pulp shurry and allowed to react for approximately 1 hour. At the
end of the hour, the pulp slurry is quantitatively transferred and dewatered in a
Buchner funnel with filter paper. The modified pulp cake is then added to
approximately 1,000 mL of a 100 ppm NaOCl (4 mL of Clorox® in 2,000 mL of
distilled water) solution, mixed, and allowed to react for a minimum of 5 minutes at
room temperature to quench any further enzyme reactions with the cellulose. After

quenching, the modified pulp slurry is quantitatively transferred and rinsed with



preheated to 120[err]F, is first mxed wwth 30 nL of a 1% Pergol ase
solution (1% volunme/w addition of Pergol ase.A40 on bone dry pul p) for
approximately 15 seconds via a Lightnin' lab m xer (Lightnin', Rochester,
NY) in a WOOIS&6JIF wat er bath. The unnodified pul p cake i sPETAREHHAE t o
approximately 120[err]F via a

-49-. m crowave oven and is then added t®5the enzyme/buffer nixture. The

7L b i B BT BT BT o
appr oxi mat elfjitet tphﬁé:l-l’ THA rebiling AddiHfedtgip bakeris tichaiiRtedito 9,000 L iwith tap

quantitatively transferred and dewatered in a Buchner funnel wth filter
paper. The materf anstl disintegreteld for 3,00Aamveldtions inoa AP Standaed PesintgBtar. of a
100 ppm Naogééf rrLsg‘f O@{iox in 2,000 nL of distilled water) sol ution,
m xed, and ACfYGbAdSHestdnaking.or 4 ninimum of 5 minutes at room tenperature
to quench a(r:}sy further enzynme reactions with the cellul ose. After quenching,

t he nodi f i edample2B|ismeade fromNSKnuimthat/isimodifiedhly Ge felloviRg Pracessed wi t h
imately 1,500 f distilled wat. o ] . f |
o PRt rer paperite Hh® sk trforkd, o fnptBhrltely do SHRLEED 8 A B BURHREG | 07

with filter paper.

2,000 nL W typffefBoNBbE lof 308uRl st PaRHc fa0id oF PPI04.7.eVIleBuffen Solutioy TAPPI
St andard Desintigrator before handsheet naking. Tabl e 3 gives the

resul ts of trirehedtedstot 120°By is firenmixed withi6Q mbrof aalfd Grlluclasi® selption (Fhsi | es
i ndi ces, and DT/ DZST r.ati o f,. the ensj t andsheet sanpl e e. It
can be seen YO'YRt Méd‘?"éﬁpé%tqa%ﬂucgﬁ@ig ﬂtﬁﬂ l?‘?’%a‘{}?' (ﬂ’f?pé&gf ﬁ%PfPl‘IHE?"éﬁﬁgt h

Cel l uzynme angd.bey SE; A ESHE By 1 R Ak YV eh kheodk Yyafgr 0 Span
tensile i ndggc Z%%ado%g%l%@ﬁlﬁsﬁbfﬁ%{g{#@%wde’akng%ﬁ?ggm ng o:a igrrpr ovaizﬁg t he
overal | dry Haensi Thke ivnerxdifiddT pulpl cildeeiss brheated rtp aapprbximatelye 12@Fd siwe at

sanpl e produced from unnodified control fibers,

Table 3  Spiepvevedueamapdds then added o the eppane/buffesmixture. dhe migpgyale \wsT

-éon trol- NSK*Of the Lightnin'® 811%%/ 4& qﬂcfépg%@ 581%{1%'[3099& .tga'xr@steg.ggd EQ@%% 0 3A

(6. 3% Cel | uzyfitRg pQlplshirry and alfowed td4edkt for approk@mbtely 1 Houk. At tB8efd ofSthe( 1%
Per gol ase) 0. 136 1041 25.1 16.6 6.3  53.
hour, the pulp slurry is quantitatively transferred and dewatered in a Buchner funnel

(D

-
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with filter paper. The modified pulp cake is then added to approximately 1,000 mL
of a 100 ppm NaOC! (4 mL of Clorox® in 2,000 mL of distilled water) solution,
mixed, and allowed to react for a minimum of 5 minutes at room temperature to
quench any further enzyme reactions with the cellulose. After quenching, the
modified pulp slurry is quantitatively transferred and rinsed with approximately
1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.
The resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before
handsheet making.

Sample 2C is made from NSX pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency in a 50 millimolar
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer solution,
preheated to 120°F, is first mixed with 30 mL of a 1% Celluclast® solution (1%
volume/wt addition of Celluclast® 1.5 L on bone dry pulp) for approximately 15
seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a



*: Not an exanple of the present invention

- 50- ' EXAMPLE 4:

Treat ment of Eucal yptus Fibers with Carezyne Eucal yptus (Euc) pulp
cakes frorygegkésg) B above are treated and nmade into 5 |OWP%H$F§/YI9 '
handsheet sanples (6 sheets per sanple) using the proceduréou |ne‘<‘13 above.
The control eucalyptus pulp is left unmpgified and is diluted to 2,000 ni_
with tap water and disintegrated for 3,000 revolutions in a TAPPI Standard
Desi nti gr at omidrewaveoveanahsihe éiennmldedi¢p theSmamhe'bdfferi mixnarde The onixingaatey pt us
pulp that is dif.ied. by the foll owi ng process: | .The fibers are
treated at a klmg@ r@ﬂf@rc@n§¢r§@ssﬁ39 aclipve ¢ontigaousUEY oY @Rd agitationg

120 Fi j ' ' % ' 9 | [ wt
addi 41 on of - eLUEFEERS ot bovih et B ASREERITERRE. K} 8P chdBTUE TO
via a Li ght nen¥ymleateabiiore pefiéd, 950 mlD' of ROGHHILAO]) STtidn) oft hex&hahédiimWat er

bath. The unnodified pulp cake is preheated to approximtely 120[err]F via
a nmicrowave BRPEHAH Ydrish (Ghemical dompapy tMiiwankepn Wl eatadoguei Ne.u2169673Henni xi ng

bver and. g sPEVRC B dabed 1ol numORHE et iRl Ri% AP bp e G 1"
appr oxi mat el yctive BeMmicafivt o BB bAs) 8 A1RWed thonBHhd nikiHE lrﬁ(r h%ecofn,d

guantitatively transferred and dewatered 1 n a Buchner funnel wth filter
paper. The nbalirfat 2094t theked bfthelseconddnbar thoslapp od modified fibets B@hdel. of a
100 ppm NaCCl. nl qf orox[err] in 2,000 nL of distilled water)

sol ution, ni ‘i‘é%ﬁyéwaq%‘f"lgﬁ%ﬁ dshgsts pvithgpt fgltqzan,g; GRFRCRINE oT AisiRtRZEIOB: r oom
tenperature to q]uench any further enzyne reactions with the cellul ose.

After quenchP#Bple2Rdls made fiomyNSKI pulp that isymodified bythetfallowiag pracessnsf er r ed and
[ d with ' ly 1,500 f distill t dd t [
"W a0 Sl S0 Ul LB O Rl 2

diluted to 2nGRY sBlutiohtdf sb@iBmaletite ARTadctie iaBiaest’ 3Hesl7f OrheDbuPRP ss16NAH Ut i ons
in a TAPPI Standard Desintigrator before handsheet - making. Sanple 4B is

made from euprghsatadute BAO°P, ishast indxedoatith i66dnbyoftah E4f Gélluslast®) splutiore €23

The fibers are treated.at rOX| ly_3%consjstency. Distille ter
preheated to’ '2'(’.)‘[3)e _ﬂ%glti%l ‘%P(\?Qﬁmjr#ﬁgmt# }?ﬁ?"'rdfy (ﬂ“?é fos ppRIpX | ution
(2% vol ume/ Wecashdi ¥ih QNLhtfR®CHRY Mixer PLihih PROGeEEY, W B af190°F water

approxi mately 15
bath. The unmodified pulp cake is preheated to approximately 120°F via a

microwave oven and is then added to the enzyme/buffer mixture. The mixing rate
of the Lightnin'® mixer is increased to achieve continuous turn over and agitation
of the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on level (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At the end of the second hour, the slurry of modified fibers is made
directly into low density handsheets without filtering, quenching or disintegration.
Table 2 gives the results of the density, dry tensile index, dry and wet zero -

span tensiles indices, and DT/DZST ratios of the low density handsheet samples
made. It can be seen from the Table that enzyme modification of the fibers with
Celluclast® results in substantial reduction of the dry zero span tensile index
(DZST) of the NSK fibers while maintaining or improving the overall dry tensile
index (DT) of the sheet compared to the handsheet sample produced from
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120[ err] F wat er

| ab m xer (Lightnin',
bath. The unnodified pulp cake is preheated to
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approximately 120[err]F via a m crowave oven and is then added to the

enzyme/
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ure.

The m xing rate of the Lightnin'
to achieve continuous turn over and agitation of the pulp
allowed to react for approximately 1 hggr.
slurry is quantitatively transferred and dewatered in a Buchner funnel
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rinsed wt, j

Buchner fu
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sol ution (
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Ly 1 500 i o totilled water and dewatered in a
hnel filter&gﬁg'. [ rng i fiy Il p is then
2,% TE.!evw', h t%p eIr)-zrgﬁd gfsglbﬁltregrat ed ngr , 900 Tevql uti ons
St E{aden intigratpr befofe handgheet }ki nE. Sampl ef4C i s

K pul p that i|s(gregi Y| tedctionl|| pPriatess$ (N m/g) The
treated at aphroxi optel v Oﬁstarti na _consitstency! Di st Wed
120[ enr pStfi i xed wjth L @fs aj 19 r4zymne
ﬁ%o \?%met a dlb’ltii‘%n O#isélr e;yms[err]lq?O L gr? bmneﬁg?y pul p)
| o seconds YI R ghtry.n Ttab xXer ghtnyn,
2@&1@?# 120[6'rﬂ1ll‘1¥wat Qd_-%athhil‘i‘he u i fi eg'lslpu p @a]r(e i's
0 AppT OX1 matelly _LZ0[ErT [ F via a mgrowave |oven and 15 then added
D i xt r 8:15Fhe 6 ng 34 of IR Ui gAdnip' Bkel is
roousTHurn er—andttagrtatiom—of—tte—putp slurry
apdAdx| ntle8y| 1 26ckir | At6.1hg efid of t47d efjzyne
a 1% [wt/vol) solutifon of hexamet honi um lr om de
S M Lwalikee ¥ catalggue N 21,.96¥-3) in
g er t g.15e| empyne| puisp sliurrsot ¢ asly eve | 4% add- on
fReddoce1srmpsall/ we dry fiber| basis) fand al fowed to conti gue
a second hour lat 120l err]F.i At thelend of ithe setond holir, the

slurry of nodified fibers is nade direct'ILy into low density handsheets

wi thout fil*er Gt

HMB = hexamethonium bromide

*ak.

Not an example of the present invention

Celluelesi®nbS &r di si ntegrati on.



-52- Sample 4D is made from eucal yptus pulp that is nodified by the

foll ow ng process: The fibers are treated at approximtely 3%
starting consistency. Distilled water preheated to 120[err]F is first m xed
with 60 nL of a 1% Carezyne solution (2% vol une/w additiop rezyme 5.0
L on boneWR3#3%88)) for approximtely 15 seconds via a Li gﬂ?%ﬁ&lgé ni xer
(Lightnin', Rochester, NY) in a 120[err],F water bath. The unnodified pulp
cake is preheated to approxi mtely 120['3?] F via a mcrowave oven and is
then added to the enzyme/water m Xt gxaapphg 3 xing rate of the Lightnin'

m xer is increased to achieve continuous turn over and agitation of the
pulp slurry and all owed .10 I eas I Ate t the end of
the enzyne reacti on peri ‘ on of

Qr. . an

: S | = VOl ) SO
h honi b 1 d [ L.Gal M | k W | No.
21 067 3) i n i stNpRg Saftepod KAL) B RS S OR B 2P P CERedon: cve

P
a 1% add-on | Qv | ' 4 (@ SHeetiOSdr Shmplty W@inganed to
continue m x%nﬁg&%%ér Y%o?gizdovyngelﬁs?gmag?éﬂf%f%é@fF?é)Atect ﬂﬁéérend 0 tk?g second
hour, the slptocadued outtindd dbedle.f iThe contrst NGKI pulpiis the tshipe iasiroTdbdenl .densi t y

handsheets wthout filtering, quenching or disintegration. Sanple 4E is

made from e %;%d@ékﬁs AR FoRANSK ol iaf isbdified Betht @dllowihg gropesscess:

The fibers are treated at approximately 3% starting consistency. Distilled
wat er preheat ed tTBhel fibpmsrard FreatedfdtrapprovimewlyndVhc@Bistancys Ristilgdowater y me

2ppr oxi mat ol BASRRRCioo LT e rd PN e 5T el O T hafi i <"
Rochester, Nfiddh &é&%&%@ Woﬁ]rbehgpg pulpfor RipReiifatdly Psikdeosda b S

preheat ed to approxi mat O[err a m crowave oven and is then added
to the enzynkighais® hbxinises.(Lightnini Rovhestat NV it bel20°Ghwaten bathi xdhei s

I ncreased to achieve continuous turn over and agi iaqn of ,the pulp slurry
and al | owed ursnedified prlpreakp iy Bg@b%@cbwagpr%ma_te?mﬁqqsh’ewg ﬁdmlﬁo‘f"‘}’@ Oé’E’iyme

reaction perjod 9 , : t 5 5 R UM
bromi de (Al s t%%‘e‘%’%gl% @S#p%!&*y“%%%d%@%é’ T mBing S%ES“&*&?L‘%“‘,“O*&OZ- 3) in
distilled waipfer isineidesdl fouchizee emnmitmOPtUrP ovbandyagitatiare bf thegulp d¥rpdd- on
| evel (wt active chemcal/wt dry fiber basis) and all O&Q‘eég i‘o cqonti nue

m xi ng for aandedlioveednioueacttfon apireximately At heuse Ahe srdi9idhe 8eWn P, the
slurry of nodified fihers is | L I ' 3 ts
without filtEPFHdS agee "leﬁg,“glgs?grﬁe%s%’g{é%‘y% i3l o CBUGRP Finhel AR RS

-53- Todpe FhonyRsaddsulp eskel s shaf addee telepmbkiynately ¥,008nsk bailflex, dry
and wet zero span tensiles indices, and DT/ DZST rati os of the | %J&/agﬁnsi ty

handsheet sapgh®a0&ldé mL of Ctorox® i 3900 mlopf distlledwater)splion, pix

modi ficati Onal?Jwe}dht% ;egcbc or avr\ﬁi%{}nmn of 5 minutes at room temperature to quench any

.
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further enzyme reactions with the cellulose. After quenching, the modified pulp
slurry is quantitatively transferred and rinsed with approximately 1,500 mL of
distilled water and dewatered in a Buchner funnel with filter paper. The resulting
modified pulp cake is then diluted to 2,000 mL with tap water and disintegrated for
3,000 revolutions in a TAPPI Standard Desintigrator before handsheet making.

Sample 3B is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency in a 50 millimolar
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer solution,
preheated to 120°F, is first mixed with 30 mL of a 1% Pergolase® solution (1%
volume/wt addition of Pergolase® A40 on bone dry pulp) for approximately 15
seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a



Carezyne[err] results in substantial reduction of the dry zero span tensile
I ndex (DZST) of the hardwood eucal yptus fibers while maintaining or

i nproving the overall dry tensile index (DT) of the sheet conpared to the
handsheet wsngsH6881pr oduced from unnodi fied control fibers. FEBUSERMIAM0N of
chem cal debonders to the enzyne nodified fibers further reduces the DZST.
Tabl e4 Sanpl e (descri ption* Densi ty DZ‘ST %DZST DZST/D  WZST

02168 107 Tatthowie Slen Hha'ib htsHaced 4R en %@f%&gﬁ@f Effidng rate 1,
103. 7 18.6¥ the L?% m’® H’ix@r is in&éased t¢ Bcliddé éehtinnous turn over Qn&% itation1 02. 4
19.8 9.3 . 4C (19%z, 19%4vB) 0. 134 82.5 5.4 10.4

8 37. 7 ofabe @Muﬂ?/&b&ﬁloﬂeﬂtb&eact fesapproximately 1 hourg At the end) ofthe 44 1
4E (1 %z, 199EAB 1 93. 7 Cz
2 car ezymme  dhathe palp ey is GaRAEYFIB HROHFBr b ewatered s Buchner el

tetraet hyl af%ﬁﬂ&i‘&@}iﬁﬁ%@ Hie modifidi Pulf LS Mt aala o ippRodindiety 1,000°LI on.
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Treat nent of offaI¢00 PP NaOCh ¢4 mInof Oldrex®inl2;600 mirdf distilled wat&)selutips,us
(Euc) pulp cakes from section B above are treated and made into 4 | ow

densi ty handeked; arhaliowed teregpiefor 2 REHmMyEhPf & ymigutes Gt repm trraReratyiesto
outlined abov'f: nch VL%YCR,%QP lenﬁﬁng: al YRENS BithPrnk SclilifosS 2MRAES qhecHliRf)! the?

modified pulp slurry is quantitatively transferred and rinsed with approximately
1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.
The resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before
handsheet making.

Table 3 gives the results of the density, dry tensile index, dry and wet zero
span tensiles indices, and DT/DZST ratios of the low density handsheet samples
made. It can be seen from the Table that enzyme modification of the fibers with
Celluzyme® and Pergolase® results in substantially reducing the dry zero span
tensile index (DZST) of the NSK fibers while maintaining or improving the overall
dry tensile index (DT) of the sheet compared to the handsheet sample produced
from unmodified control fibers.

Table3

Sample (description) | Density| DZST | % DZST| DT DZST/DI WZST
T

(g/cc) |(N m/g)| reduction | (N m/g) | ratio | (N m/g)

Control NSK* 0.174 | 138.9 - 16.3 8.5 121.0

3A (6.3% Celluzyme®)| 0.155 | 77.6 | 441 | 190 | 41 | 339

3B (1% Pergolase®) 0.135 | 104.1 25.1 16.6 6.3 53.8

*: Not an example of the present invention



Sanple 5A is made from NSK pulp that is nodified by the follow ng process:
The fibers are treated at approximately 3% starting consistency in a 50
mllinmolar buffer solution of sodium acetate and acetic acid of pH 4.7. The
buf fer solygig reheated to 120[err]F, is first mxed w a 1%-
Cel | ucl ast‘%) Q@?Jgtslpon (1% vol une/wt addi tion of Cellucl ast %Egﬁ%g%%one dry
pul p) for approximtely 15 seconds via asgfightnin® lab mxer (Lightnin',
Rochester, NY) in a 120[err]F water bath. The unnodified pulp cake is
preheated to approxinmately 120[ err] FEXAMRLEW@.Cr owave oven and is then added
to the enzyme/buffer m xture. The m xi ng rate of the Lightnin" mxXxer is
increased to achi eve contrrduailst of Ru&hiH Jﬁ&%f the pulp slurry
and allowed to react for approxi nate “the end of the hour, the
pulp slurry is qu fegr ne funnel
with filter paper @%gﬁﬁ‘kﬁwé’hfpm%sﬁ%‘ﬁgea%’ﬂ ?dg% od %bds'?{% H'got ely
1,000 nL of 3 i3AQieppity Maidsheet aniflesofs she@S P& daﬂlp?e) QGidg fthe @focehuasé bﬁthﬁéii wat er)

solution, mxed, and allowed to react for a m ni mum of m nutes at room

t enper at ure BBOYRueride caniyolf encalyptus @nwmﬂ vawodifind and mﬂduted t9e2.000 ode.
Af t hi th d f t at f d d
A eyt 0SB\ SRS o AL (g a0 o

Buchner funn@esmughtgﬂﬂerﬁghmgéamm resulting nodified pul p cake is then
diluted to 2,000 L. with tap water ang di sintegrated for 3,000 revol utions

in a TAPPI S Sarrpl e
12 TAPPL Standdh iR 4th 3y AE A RSRRERE BPeliGtowing process™2
fibers are treat edhatfikeppaexireméEhy a %B{foﬁmlﬁtmwnsxﬁe@cﬁo Didtilled ot
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer

sol ution, pr@mdgeted te d28%0jselinsy mixddswith 39t mbi ofead 1 % Earegome® sofutign X446

Cel luclast sl utio % .

“E5 Yok ume/ YUY pdtion ot Srremema®:s Lon bee IR (r gRPIIRLy 15
appr oxi mat el Yecbad$ %0 d3ghthin'e 14 Hitkedi (D Gghluﬂy Rodifdster, LNIYtiRiani 20°Rasdigst er
NY) in a 120[err]F water bath. The unnmodified pulp cake'is preheated to

appr oxi mat el path20[Ther ]nﬁnvdlﬁedx Pl cakeie poeteated rid apprommatésddéﬁﬂf oid hae

/ buf f t t f the, Light,. d
o Sohi ove CENPRRAUEE AP it heh Sagtd b srebervte vy Fhepgraof = °°

al l oved to r@acLiohffin@PRLRKiRERhd g}o he I'eve. SntinbSuseich 8lertdd@ dpftition dthe pUl p

slurry is quanti tatl vely transferr dewatered in a Buchner funnel with
filter paper theThap rshaiyf arebialpoved ma‘cmtlfsr apmuxlmdtbgdltlmuapmdhe eed ef thel, 000

mL of a 100 of Clarox in 2,000 ofd r)
sol uti on, gg\if’ '}g@lgélmqqagnﬁgggly W?f%ge‘gﬂ‘i{%ﬁmt‘ﬁ #H&P’@%e oom
tenmperature Goh filter paper. The modified pulp cake is then added to approximately 1,000 mL

of a 100 ppm NaOCI (4 mL of Clorox® in 2,000 mL of distilled water) solution,

mixed, and allowed to react for a minimum of 5 minutes at room temperature to
quench any further enzyme reactions with the cellulose. After quenching, the
modified pulp slurry is quantitatively transferred and rinsed with approximately
1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.
The resulting modified pulp cake is then diluted to 2,000 mL witJh tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before

handsheet making,

Sample 4B is made from eucalyptus pulp that is modified by the following process:
The fibers are treated at approximately 3% consistency. Distilled water

preheated to 120°F is first mixed with 60 mL of a 1% Carezyme® solution (2%

volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately 15



quench any further enzyme reactions with the cellul ose. After quenching,
the nodified pulp slurry is quantitatively transferred and rinsed with

appr oxi mat %égélgégp m. of distilled water and dewatered in %ﬁw%g{%%unnel

with filter The resulting nodified pulp cake is then
2,000 nL with tap water and disintegrated.for 3,000 revolutions in a TAPPI

Standard Desintigrator before handsheet making. Sanple 5C is nmade from NSK

pul p that is gEsbnls <th b}Li%Ktﬂinf@lbIQ‘Miﬂ& QLSRB™S Rochester, NYeinf 4 D20F GaRr
treated at approxi mately 3% consistency in a 50 mllinolar buffer solution
of sodi um acebathe ¢ sowodified gudp ofake Hs 4preheatide th approximaselyt 1UKF yipeheat ed
to 120[err]F, i,s first-m xed m?th SO n.. of a %ZoCeI I g(zl as er.r% sql uI_i on
(1% vol ume/ wt THERPWAVE RVt aneds fhen 2dded torthe enzyme/ wWaiRr mixhwrey e Fifxing 1415 p

appr oxi mat el y g4l57 }od 3 @ikl N ' j 43t
Rochester, NY) In&gﬁ?@%ﬁgﬁ?&%\ﬁg{ er g{%ﬁ%ﬁgoﬁﬁ%g% ieg(vgim&ﬂg%ﬁéi%go?gf
preheated to #dpppulpishatehyd ARGt to feasti for applokinmatelyd haen Antheieadtdfahe added
to the enzyme/buffer mxture. The nixing rate of the Li ghtni n'_.mxer |s

i ncreased to BeW: thepwlp plurmyib guantitatively ieansiergd apd dewaters d\‘atﬁ\’éh‘gﬁ urry

and allowed tgQ. f rOXi . yme
reaction peri gaﬁle@getrl%ﬁ’%f atg“%ﬁ/é(d(‘ ﬁ% ﬁ‘gﬁ)c%%gtﬁ‘?no%&dgg ﬂﬁ%@iﬁ’é’ﬁ?&%ﬁ%"ﬁ?ﬁm de
(Al drich Chenpgalg RieOd1 | (ank @€ Clox@aina2, 000 il N6f didili&bwaldy) sofution,
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on
l evel (wt act mixed; spdiatiavedito deagt forbe mibiaving pf Snuiimikdsatgdomaemperatung, to

m xi ng for a seco

d . . . - 56-
hour at 120F. qﬁ?ncgh@yeﬁ‘ﬂﬁ’é’f eRRENG JBastigny atite thengelivlasey  ASEr SBERIngy e ber s
! ‘e d o . ! e ! :
i s made direci]ogified gghp%ﬁggsshgmﬁﬁgwﬁ%ﬁem heditinkéd VR BSprogiaRENI Ng

or disintegration. made from NSK pul p that 1s nodified by the
fol |l owi ng prodSe8:mL of distilledheatés el dewatereti rinat Buchaer fipmpebwithdilter payo

consistency ip,a 50 mllinwl ar buffer, solutjon, of sodiumacetate and acetic
acid of pH 4. .eﬁfé‘ltﬂlgf‘F‘@HR'@glﬂb‘Eﬁ gake ﬁ§r@%§{l‘é‘8dt‘%2’f§g[féﬂ]r"]’é? tapswater aid i y e
with 60 nmL of 4a:.19 I lﬁaéd [.Qn: ( 2% f“Y&aﬁ@ | £

Cel lucl ast 1. gﬁf_r&ec%%%nfgg ry %6?‘%“%66‘;3 g{)%r R“?#g{% y qgéggdg%%é&{/})gfoge

Li ghtni n' | abhafidsbéet pdakirdgt ni n', Rochester, NY) in a 120[err]F water bath.
The unnodified pul p cake is preheated to approximtely 120[er]F via a

m crowave OveBaﬁPQ_éi@istlﬁﬁﬁ RIS RS K fulp 8at S AY 8T B R follbwidgReceddie M Xi ng

rate of the Lightnin' mxer is increased to achieve continuous turn over
and agitation of tMbefibers ark ureatedzat chppiraximatelyt 3orstaxting consisignsy oxPistilied v 1

o o o SR B RS e o e v

catal ogue No. (4 dfneiwt hdllition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzymé/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on level (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F, At the end of the second hour, the shurry of modified fibers is made

directly into low density handsheets without filtering, quenching or disintegration.



distilled water is added to the enzyne/pulp slurry to achieve a 1% add-on
| evel (wt active chemcal/w dry fiber basis) and all owed to conti nue

m xing for a second hour at 120[err]. At the end of the second hour, the
slurry of Igbsl fibers is nmade directly into | ow densityP §H§§‘-Ss
wi thout filtering, quenching or disintegration. Tabl’e S the
results of the density, dry tensile index, dry and wet zero span tensiles
i ndi ces, and DT/ DZST ratios of the | ow density handsheet sanples made. It

can be seen fSamplé 4P i$ aabiefromaducalpptuspulpabithis @adified b thidfolibw ocbss:
eucal yptus fibers with Celluclast results in sybstant ially reduci n_ﬂ the dry
zero span tensi| e Thedabers pregroatest at approwmatelshdtesstaing conwstencyi nPistilled

i mproving th e I | ndex )enOf ¢ t t_Co red.to the
nandsheet sanii BeALY 55 Amb AR Wby ot BARGk-SRERHRNHE, of
cheri cal - debqpyievchuind/ i HadROATTaHEirk B8 01l G bond iy Puf) foPastEGGmaluty DZST.
-57- abl e anpl e

Density DzZSH5 see@@isvia a Dightnin/@sipbmixewGlightnin’, RochesterNYo irt 3 120°F water

Cont rol Euce bath.  Ths, pamolingd pu cake B préheaf Ry abprofigbiely PP vin | 94
CC

628 70, Pitrokie over'andly thenahdllfo the eﬁzﬁ'g‘feéwat%’égi(ﬁ&%c?ﬁmf’é hayé ¢

89.9 29. 6 the Lightnif'®mixer id incPeased #9achievb Coftdfions wifivByr dhdldpBation 62. 8
50. 8 *: = Ce] lucl ast 1.

4.4 14. 3 30. 3 . CC 5 L HVB =
hexanet honi ufibPBiR ey and plleweth tosseasinios approkianaigle dpuri fitethe egd of the
EXAMPLE 6: enzyme reaction peri-gﬁ,e 3HMRPL of fa EoiC W\%j" Solhi&E o H@xme{ﬁghwyne

bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on level (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At the end of the second hour, the slurry of modified fibers is made

directly into low density handsheets without filtering, quenching or disintegration.

Sample 4E is made from eucalyptus pulp that is modified by the following process:
The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 30 mL of a 1% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of tetraethylammonium
bromide (Aldrich Chemical Company Milw;cmkee, WI catalogue No. 14,002-3) in
distilled water is added to the enzyme/pulp shurry to achieve a 1% add-on level (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At tﬁe end of the second hour, the slurry of modified fibers is made

directly into low density handsheets without filtering, quenching, or disintegration.



Eucal yptus (Euc) pul p cakes fromsection B above are treated and made into
one | ow density handsheet sanples (6 sheets per sanple) using the procedure
outlined above. The control eucal yptus pulp is the sanme as in Table 4.
Sanpl'e 6A we osmezifrom Eucal yptus pulp that is nodified by pdwusmiiosi ng
process: The fibers are treated at approxi mately 3% consi stency.
Distilled water preheated to 120[err]F i-8-first m xed with 1.89g of

Cel | 0.7 T 3% wt/w addi ti f . Cell LT b d I
Cell Uz O 7 T {3yt UL o0 o Sl e, T o, Al )
Rochest er, Nl 3y1cl BAEES L5 3117 12 os Ty MR dehiSrhaithinoF hfptes

preheat ed to."approxi mately la a mcrowave oven an s then added

to the enzynmmladet gt can bé séen frdietheitable ghat aneymé niddéfidatightofithe fibers awith S
i ncreased to _achi eve continuous turn over, and agitation of the pulp slurry
and al | oned Carezxme® results pnrsybstantiabirpducting of the; dryhzerg [papftensie |dex  t he

pulp slurry | ntidativel v .t E\S’%rr dewat er i dﬁ f unnel
with filter @%ﬁf"#ﬁéﬁ ?Fﬁ'ééﬁ‘%gdé u%u &%aﬁ%rgsgﬂ?]%egﬁ@gg‘%@ggt% igl péj‘ggé“r?fﬁa% ely
1,000 nL of gykB? dry tensile index (DT) of the sheet compared to the handsheet sanfpfe ppm
NaOCl (4 nL of Clorox in 2,000 ni of distilled water) solution, mxed, and
al | owed to rpaducddfrom wimedified ofnteol fibers. e Theradditiomof ehemsicalt dgbendess ¢uench
any further enzynme reactions wih the cellul After quenching, the

modi f i ed pu|§m W?W@%%g@%é‘ﬁh&ﬂﬁuﬁs%@ﬁed and rinsed with
approximately 1,500 nL of distilled water and dewatered in a Buchner funnel

with filter paper. The resulting nodifiggde.gul p cake is then diluted to
2,000 nL with tap water and disintegrate or 3,000 revolutions in a TAPPI

St andar d Degi=mt=
DEanpZSTRe smqsffiﬂon)
T

'
A3 MAarmyoTrite oL TANI ||g.

Density | DZST | YabDEZST
DZSTAD  WZ§T

(g/cc) | (N m/g) |reduction| (N m/g)| ratio | (N m/g)

U

-59- {Sample (description*
Density DZST % DZST DT

Control Euc** 0.168 | 127.7 -- 8.6 14.8 96.2
4A (1% Cz) 0.144 | 103.7 | 188 9.5 10.9 67.0
4B (2% Cz) 0.123 102.4 19.8 9.3 11.0 72.2
4C (1%Cz,1%HMB) | 0.134 82.5 354 10.4 8 37.7

4D (2%Cz,1%HMB) | 0.119 85.5 33.1 83 10.3 44.1

4E (1%Cz,1%TEAB)| 0.135 93.7 26.6 10.4 9.0 47.4

*; Cz=Carezyme® 5.0L
HMB = hexamethonium bromide
TEAB = tetraethylammonium bromide

**:  Not an example of the present invention.



T (g/cc) (Nmg) reduction (Nmg) ratio (N nig)

Control Euc* 0.168 127.7 -- 8.6 14. 8 96.2 6A
(6.3% Cel l uzyne[err]) 0.115 74.7 41.5 8.5 8.8 34.5 *: Not
an exanpl g,ég present invention $98/11943 :
EXAMPLE7 19554 Treatment of Northern Hardwood Sulfite (ﬁ:{g)] W th

Car ezyne Nort hern Hardwood Sul figse (NHS) pul p cakes from section B

above are treated and made into 3 | ow density handsheet sanples (6 sheets
per sanple) using the procedure outBXARPIESve. The control NHS pulp is

|l eft unnodified and is diluted to 2,000 nL wwth tap water and di sintegrated
for 3,000 revol utions i MreatndPBf EStadyithay Fibére stitht Cellualagi® bef or e handsheet
making. Sanple 7A is nade from NHS pulp that is nodified by the foll ow ng
process: Thecdiyhas (2] ﬁulgrcﬁfés 1R e AR B M IVR BR! tYealll £RANSIRLABCY -
Distilled water preheated to 120[err[F is first mxed wwth 30 nL of a 1%
Car ezyne so#lowdengitithandshesesantplesddishéatnperfsatipled nying the. rot¢edore dutliveddr y

pul p) for approximately 15 seconds via a Lightnin' |ab m xer (Lightnin',
Rochester, ABOVe; nT}SFWZ’éPE?WPWéﬂ’&P lﬁéh%mﬁél%k%ﬂaf‘f ied pulp cake is
preheated to approxi mately 120I err]F via a mcrowave oven and is then added
to the enzyRehpktS ismadefram pulp that is madifiedby thedollowingprosdsserr] mixer is

and a1 owed t o r SRERSY R FheB T 7% At SR R iflur . ¢ he
pul p sl urrymiﬁiMMﬁﬁkalgﬁ¢y3%£@nﬁ Qb4 RE A dohR RIS regHI 477 aTRYBEMRG! f unnel

with filter paper. The nodi pul p cake 1's then added to approximately
1, 000 ni of seiutiéd) prpmeabdd (61 1Z0FPF s fifst Ghixed witn 30, ©D0ofind. 186 Qellsclastl ®d wat er)

lution, m : d all dto.r t f 1 ni 1 of. 5 m nut t
Ferper at ur eSBteR e Vet HHBHOD o8BS lond G hede T R Rse.
After auenchl gl TodLIA0AY Bighluti&tab i Pighkith] Kobisef, Wpyis T ed and

rinsed with pr oxi

-60- 1, 500amR0% wakesbith| THe uirhedifisd gulpesaké Brpecheard 3o Bpprbxietateyh20F Wi t h
filter paper, The resulting nodified pulp cake is then diluted to 2,000 nL
with tap waVidra @ifgowave oven and is then added to the enzyme/buffer mixture. The mixing

rate of the Lightnin'® mixer is increased to achieve continuous turn over and
agitation of the pulp slurry and allowed to react for approximately 1 hour. At the
end of the hour, the pulp slurry is quantitatively transferred and dewatered in a
Buchner funnel with filter paper. The modified pulp cake is then added to
approximately 1,000 mL of a 100 ppm NaOCl (4 mL of Clorox® in 2,000 mL of
distilled water) solution, mixed, and allowed to react for a minimum of 5 minutes at
room temperatﬁre to quench any further enzyme reactions with the cellulose. After
quenching, the modified pulp slurry is quantitatively transferred and rinsed with
approximately 1,500 mL of distilled water and dewatered in a Buchner funnel with
filter paper. The resulting modified pulp cake is then diluted to 2,000 mL with tap
water and disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator

before handsheet making.

Sample 5B is made from NSK pulp that is modified by the following
process:
The fibers are treated at approximately 3% consistency in a 50 millimolar buffer
solution of sodium acetate and acetic acid of pH 4.7. The buffer solution,

preheated to 120°F, is first mixed with 60 mL of a 1% Celluclast ® solution (2%



di sintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator

bef ore handsheet making. Sanple 7B is made from NSK pulp that is nodified
by the foll owi ng process: The fibers are treated at approxi mtely 3%
starting (‘f‘(ﬁ%ﬁf/%‘g@ncy. Distilled water preheated to 120[ er r PET/ES9811943 ni xed
with 30 nL of a 1% Carezyne solution (1% volunme/wt addition of Carezynme 5.0
L on bone dry pul p) for approxi mately 1%seconds via a Lightnin' |ab m xer

Li ghtnin', . i rd} E r I, £ pul p
Cake 1o prenonangsh Saadtlor Ceifbohel® 34 Lion B o Boll BF SobBRCY 3371 s
then added tsecdrde vimaybightaii'@r labinsixer €Lighthen’ "RYtHRSter, ATY) 04 at 1DO°E iviliii N’

m xer is increased to achi eve continuous turn over and agitation of the
pul p slurry bafd afheowamodifiedepulp ¢ake ispprebratedittel appioXimately AR0theizad of

th ' ' . of a,1% (wt/Nyo ol uti of. .

he>e<arengtZ Kgﬁi {?%%goﬁka%gd%%%qugﬁ @%ﬂ?ﬁ%‘fﬁ anﬁheﬁﬂ%ﬁ%?{é“#%l ; u%‘la%?\f“‘@&ﬁé?’&gue No.
21,967-3) i i [ y : i5 $ncreidedl £.0. achi eve
21Ok add on 5 e Lihff @ kel is Incheiaed! 6 Retiie RAHITRG Rinfover d KeldtioRC", o

conti nue m xfitee pap sturgeawhalldvwedrto atact 6 apprdxfimatély ¥ heure it thé endief thecond
hour, the slurry of nodified fibers. is ngde di rectle‘/3 into |l ow density

handsheet s mﬁhﬁp‘ﬂplswlﬁ@%ﬁgﬁ‘fﬂlﬁﬁﬁn grreg andidewgtersd g Buchner funnglp| ¢ 7

. oo . TS .
Senei 1 es”i navitiferHepk SrdSABIAL pllo chERPIER ARG apPloXiEl b0oRfL D D"
made. It canfhel 6fepym NaDCK (demLadfl Clokd¥® e p0RnD R idistitied iveterpolifien,f | ber s

with Carezyne results in substantially reducing the dry zero span tensile
i ndex (DzSTymiged,and aljgsved; thaeact fpr p aninimwmind minwes atgnosy temperateredoer al |

dry tensile | f th heet.. conp t 0, t.he h sheet ,sanpl e
pr oduced frg%gﬁc?rr%ﬂ&? }%"é}gﬁcéc?%?rrnglm?‘f Oé’isrs@‘?ﬁ'ﬁge §ﬁlgﬁlf’§%n e%ﬂ%‘@ﬂ?’&% Ebonder s
t.o the enzymgodiBed pupdsiirh ek &;ufaﬂﬁtbﬁ%lyr@ﬁih[ﬁﬁ%dtdﬁﬁ fhi¥sed -with approximately

-61- . able 7 Sanple (description*)
Density DzSt,506% mEkf distiied waesmddewalesd in a Buchner funnel with filter paper.

Gont r ol NusThe resulting,modiel Gib chie 1 fhen'fi5te5 40 F\od0 iy i a5 igfer oy £
C2) disitte@¥ied fof13000 révelations in% TAPPI &thindard Désintferator before
handsheet making.

Sample 5C is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency in a 50 millimolar
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer solution, .
preheated to 120°F, is first mixed with 30 mL of a 1% Celluclast ® solution (1%
volume/wt addition of Celluclast® 1.5 L on bone dry pulp) for approximately 15
seconds via a Lightnin'® lab mixer (Lightnin’, Rochester, NY) in a 1§0°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/buffer mixture. The mixing rate
of the Lightnin'® mixer is increased to achieve continuous turn over and agitation -
of the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on level (wt

active chemical/wt dry fiber basis) and allowed to continue mixing for a second



(7B (19%Cz, 1% HVB) 0.094 60. 2 36.2 5.3 11. 4 28.7 * Cz
= Carezyne 5.0 L HVB = hexanet honi um brom de **: Not an exanpl e of
the present invention. EXAMPLES

Tr eat ment Wi 99§p81her n Hardwood Sulfite with Cell ucl ast PCT/USINARSABEr N

Har dwood Sul fite (NHS) pul p cakes from section B above are treated and nade
into 4 low density handsheet sanples (656heets per sanple) using the

procedure o tI| ove., The control NHS pulp is the sane as in Table 7.
Sanpl e 8A i %g%ggm% %@I‘ﬁt’(‘%%wp%h%dﬂﬁséﬂn‘b‘}fmﬁ@ﬁ%ﬁb@wlﬁw@a@ ocess:

The fibers @E@cﬂ}}‘ﬁ%f‘o@, @énsﬁﬂ? @itﬂo@@éﬁ%gﬁ 9820%;5*@%1% %Ifyml n a 50

mllinolar buffér solutio I'um ace 47 The
buf f I hea t d.with 30 nL of 1%
ool | ol ot [ SePbte 8 BiRRNC ﬁw‘?*v%%ahé/t&%t s afifedY che TolPPARG BSS=SE. 5 L on' bone
dry pulp) for apmhemeegaleméédsa%%? P-](?g@l\x?%'& x&bﬁ‘cy_rihaz%m Bimolar, pul p

(Lightnin', Rochester In a ter bath e unno
cake is pr ehéﬁfclesblmtmra@ﬁ)wdmmtmty aiaa&bafd ddid wf epHi 4. cThevbufEerGigRitioaNd i s

t hen added to,the,en fer mxture. The m x rate of the Lightnin'
mxer is i nEFOSUEG ﬁ&ﬁ'{ﬂi‘%{?@t mired With @9 mbirof %bérgﬂh’élaé‘g‘@t%ﬁm@n % t he

pulp slurry R?Qﬁﬂo ry 2pP t d of
t he hour, tﬁgmglef\u S urr1§/8| ggg‘:})%ar%@t a?:i'vé[?)ﬁb{;@hﬁ)sgulbr%g%éﬁ ﬂgyeﬁgd in a
Buchner f unsetonds via 4 Llighenini@nets mﬂdﬁe(Lgﬁhxﬁ'l Rdchuited, Naan iaS120°R Ryagded to
appr oxi matel%tal 00 nmL of a 100 4 ml of dofox in 2,000 nL of

-62- distil the ynrsedified awlp rﬁﬁk@ds mdua@dmvmpmmmmtlzﬂw véa 1@ ni mum
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distilled water and dewatered in a Buchner funnel with filter paper
resul ting netibeirstp gurrp aodkbowed torwenctdor appeommateP.y D(hﬁuntAwhb lend aptheat er and
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bromide (Aldnch Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp shurry to achieve a 1% add-on level (wt

active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At the end of the second hour, the shurry of modified fibers is made
directly into low density handsheets without filtering, quenching or disintegration.
Table 5 gives the results of the density, dry tensile index, dry and wet zero
span tensiles indices, and DT/DZST ratios of the low density handsheet samples
made. It can be seen from the table that enzyme modification of the hardwood
eucalyptus fibers with Celluclast® results in substantially reduciné the dry zero
span tensile index (DZST) of the NSK fibers while maintaining or improving the
overall dry tensile index (DT) of the sheet compared to the handsheet sample
produced from unmodified control fibers. The addition of chemical debonders to

the enzyme modified fibers further reduces the DZST.



Sanple 8B is made from NHS pulp that is nodified by the foll ow ng process:
The fibers are treated at approxi mately 3% consistency in a 50 mllinolar
buf fer solution of sodium acetate and acetic acid of pH 4.7. The buffer

sol ution, W ¥re%led to 120[err]F, is first mxed with 60 niPCEUSI8/AIHS3

Cel lucl ast solution (2% volune/w additjon of Celluclast 1.5 L on bone dry
pul p) for approximtely 15 seconds via a7 ghtning | ab m xer (Lightnin',
Rochester, NY) in a 120[err]F water b The unnodi fied pul p cake is
preheated to appr oxXi rrately 120[err] F m crowave oven and is then added
to the enzyperbifer—ric-u= kg . =R | S
increased tp achSemplecontl npemﬁtyt ; ha;mng slurry
and al | owed} t o(deS@stioh®y approxinately the hopur, the
pulp slurryjis quantitatively transferred and fdewater¢d in a Buchnel funnel
with filter paper . The modj f(g/sd) FL(Npm@ ' : ¢d rati p(Nm(g ht el y
1,000 niL of} i oS4 eidee00 Gt dgllatlllal]l Wat er)

sol uti on, dDo@&oIBﬁu**al | oved).163 Feé}Q?‘/fr a. ni ¥ nut gg.2at| room
t enper at ur gt quench any ffurthed enzymnd h the lcell ul gse.

A\
After quenclRiangs, nodi ffi p ry quan ta1| ly “[r fdfred and
rinsed wt hg‘g&ﬁoglﬁﬁatel y 1?@(%JWL %df'éldl stjllsq é \ig §| edin a

5?‘?3?28I3?&%ﬁ%i%e{am;r”r§S§SHQBrZ¥5-2d1or9§f‘ 5?5 it ons

uti ons

in a TAPPI ¥ I_pfliraraton beror € handspheer _maki ng. Cis
made from N éﬁ%@ﬂ%gg {7 | e089m?/ { he96ol | ovl- Hg ergé’ss: The
fibers are frea 396 TOTST StETICY T 1T & S50 T r
buffer sol yf a@ek@t% aﬁ?dsaj etS08 dxé hH14.37. fer
sol uti on, %ﬁi@lﬁ?ﬁh’%

Cel | ucl ast *sol 0

-63- vol une/ wt ggdl FF%‘?]CY%SpCL,eﬂ’UCI ast 1.5 L on bone dry pul p) for

approxi mat el y 1§%%cdwa§nwlammbrgm¢ﬂ n'" lab mixer (Lightnin', Rochester,
NY) in a 128Fer Nbfan\edagipldéfthe predentunvadtiohi ed pul p cake is preheated to
approximately 120[err]F via a m crowave oven and is then added to the
enzyme/ buffer mxture. The m xing rgkaMpBrgge Lightnin' [err] mxer is
increased to achieve continuous turn over and agitation of the pulp slurry

and allowed to react f%&%@%us]ﬁn (mhﬁéemggmg%of the enzyne

reaction period, 30 nL otTom oF nex t honi um brom de

(ALors oh Cem o2, el BUES, 24l ot gy &f”q‘%stré%rﬁ? n?ada%t%dd on
level (W aghé v&vcdamtfaaﬁme&wmﬁm@ser(s %éét éyef”}(é Plch A Secoﬁﬁ@éwye

m xi ng for a second hour at 120[err] end hour
slurry of npdlﬂmﬂéabdwebe'l’lmqoatmbcimab'pnsqmlylsnhﬁsanimm&ablet‘t/ handsheet s
wi thout filtering, quenching or disintegration.

Sample 6A is made from Eucalyptus pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency. Distilled water
preheaied to 120°F is first mixed with 1.89g of Celluzyme® 0.7 T (6.3% wt/wt
addition of Celluzyme® 0.7 T on bone dry pulp) for approximately 15 seconds via a
Lightnin'® lab mixer (Lightnin’, Rochester, NY) in a 120°F water bath. The
unmodified pulp cake is preheated to approximately 120°F via a microwave oven
and is then added to the enzyme/water mixture. The mixing rate of the Lightnin'®
mixer is increased to achieve continuous turn over and agitation of the pulp shurry
and allowed to react for approximately 1 hour. At the end of the hour, the pulp
slurry is quantitatively transferred and dewatered in a Buchner funnel with filter
paper. The modified pulp cake is then added to approximately 1,000 mL of a 100



Sanple 8D is made from NSK pulp that is nodified by the follow ng process:
The fibers are treated at approxi mately 3% consistency in a 50 mllinolar
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer

sol ution, ed to 120[err]F, is first mxed with 60@02{, 9 )
Cel | ucl aswg%?u ion (2% vol ume/w addition of Celluclast 1. iﬁg%one dry
pul p) for approximtely 15 seconds via_g Lightnin' lab m xer (Lightnin',
Rochester, NY) in a 120[err]F water bath. The unnodified pulp cake is
preheat ed t gpaN&OCE (Maint! of (13 in| K000 mL2ofrdistilledvavater psodutica thixes], aibn added
to the enzyne/buffer m xture, The mxing rate of the Lightnin' mixer is

i ncreased t 8llawpd & &each fari yiinimum, phS ayiantes 34 TopR {IRRESHULS: o FHEDGLADY sl urry

and al | owed re [ 0 erchfie® yme
reaction penﬁ}@be,r %W%%%%C%ggﬁ%%ﬁ%\%%ﬁss%l u%t&lel(‘)Aao gkane%g{rfli:ag rom de
(Al drich Chemirfals Gedmtidtively trisfeq aldl ringéd vilUspproximatel P A 7508) mLnof
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on
level (wt adistifled ovateri and| dewatetied,inf 2 Buchrien funnel with filier papar. tTheasslting e

m xing for a sgcond .hour at. 12Qlerr] E he..end of th n r, the
slurry of nﬁ‘b‘?‘ﬁﬁ%ﬂpqlpﬁg# 1sjthe Eﬁe 4°rze%® V&‘i ‘ﬁ’tﬂbp Vet ear?gi ﬁ%ﬁtﬁﬁl}dﬁg@ ﬁglét s

w t hout fil tfg HER L g{l?'n%' LIS&KiRt g before handsha&lmgaléngdi ves the
results of t3§§jogg¥%}l ty,qglﬁ?g}f‘e}{rll I ehlirandex, gé?gr and wet zero spa% tensiles
i ndi ces, and DT/ DZST ratios of the | ow density handsheet sanples made. It
can be seen fromthe table that enzyne nodification of the fibers with
-64- Celluclast results in substantially reducing the dry zero span
tensile index (DZST) of the NHS fibers while naintaining or inproving the
overall dry tensile index (DT) of the sheet conpared to the handsheet

sanpl e produced fromunnodified control fibers. The addition of chem cal
debonders to the enzyne nodified fibers further reduces the DZST.

Table 8 Sanple (description*) Density DZST % DZST DT DzZST/D WZST
(g/cc)( mg) reduction (Nmg) ratio (N nfg) Control NHS** 0. 095
95.3 -- 3.1 30.7 85.1 8A (1% CQ) 0. 094 64. 3
32.5 7.5 8.6 46. 3

2




8B (2% CC) 0. 099 55.7 41.6 6.4 8.7 37.3 8C

(19%€C, 19%1vB) 0. 094 60. 4 36.6 : 6.3 9.6 38 8D

(29%€C, | 9%vB) 0. 091 47. 6 50.1 3.4 14.0 26. CC =
Cel | ucl as f5p98¢ 5 L HVB = hexanet honi um broni de **: Pﬂ@fusé?{”@ﬁrrpl e
of the present invention EXAMPLE 9:

Treat ment of Southern Softwood Kraft FiB&rs with Car ezymne Sout hern
Sof twood Kraft (SSK) pulp cakes from icon B above are treated and nade
into 3 | ow denS| ty handsheet sarrpl es S eets per sarrpl e) using the
procedur e opttrred—aboves PG e - a=iiians =and 1S
diluted to |} | utions
in a TAPPI | g Sanple PA is
made from §SK pulp that is odi fi dd by fthe fol | owi ng {pr ocesg: I The
fibers are § r eat ed at approuﬁséﬁc)el@lm t&dﬂcﬁ(‘fﬂm{g) St By . | ed

wat er pr eheete =325 g g—i et —={=3 0=t Tt04=Car-ar y NE
sol ution ( nﬁbhﬁﬁd"wt addi {imne®t apeiyne-5.0 Ls,en bomhég.8dr | for
appr oxi mat € - 3 115
seconds vi g 9?,1.}] : (Bhght ni gy’ 0 stler, [ 20[err] F
wat er bat h. 6 (’g%%ﬁ m@nﬁq'g cakzh?s pr@h’%a eccip' 0 appsr'%lri) mat e y]H

120[err]F via a mcrowave oven and Is then added to the enzyne/ wat er

m xt ure. Thé&: mNdtag examplewf therpgedentimventior err] nmixer is increased to

achi eve continuous turn over and agitation of the pulp slurry and all owed
to react for approximately 1 hour. BXAMIL IEAdD of the enzyne reaction
period, 30 nL of a 1% (wt/vol) solution of hexanet hon| um brom de (Al drich
Cheni cal Conpany Nirkatiekesi N epRHatde1HE SNPFite AUHS ArBnie® i | | ed wat er
I's added to the enzyrre/ pul p sl urry to achieve a 1% add on I evel (wt active
chemcal/wt dry n @N‘ﬁg f cond
hour at 120[err] F At tﬁﬁ}cg%]ogﬁ T he secoﬁ’ghﬁg%trels rge u(?}?? 9l¥° no Ffled
fibers is nudatediand otaldy mtnt3dohodenslie5nhaﬁdshémrsaispbe(63 shuetslmnntsamp]eb asingg,

uenchi ng or, disinjegratjon.
g g the proce ureg outhned above. The control NHS pulp is left unmodified and is

diluted to 2,000 mL with tap water and disintegrated for 3,000 revolutions in a
TAPPI Standard Desintigrator before handsheet making.

Sample 7A is made from NHS pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency. Distilled water
preheated to 120°F is first mixed with 30 mL of a 1% Carezyme® solution (1%
volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately 15
seconds via a Lightnin'® lab mixer (Lightnin’, Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
hour, the pulp slurry is quantitatively transferred and dewatered in a Buchner funnel
with filter paper. The modified pulp cake is then added to approximately 1,000 mL
of 2100 ppm NaOCl (4 mL of Clorox® in 2,000 mL of distilled water) solution,
mixed, and allowed to react for a minimum of 5 minutes at room temperature to
quench any further enzyme reactions with the cellulose. After quenching, the

modified pulp slurry is quantitatively transferred and rinsed with approximately



Sanple 9B is made from NSK pulp that is nodified by the follow ng process:
The fibers are treated at approxi mtely-3%starting consistency. Distilled
wat er preheated to 120[err]F is first mxed with 60 nL of a 1% Carezynne
sol ution EaYeysbsyme/ Wt addition of Carezynme 5.0 L on bone grynspd/apdsf or
approximately 15 seconds via a Lightnin' |lab m xer (Lightnin', Rochester,
NY) in a 120[err]F water bath. The unnogofied pulp cake is preheated to
approximately 120[err]F via a m crowave oven and is then added to the
enzyne/ wat erl, 500l ef dishiledvivaten gnd altewats‘-redt nea Bughner rfunral Withyfilter, paper.

I ncreased tq_achi con S t er n pul pyslurry
and al | owed 18 EPg f%q'dtéiff)?‘t’j?iq‘?g qﬂ@‘fﬁ% ta% 6¢¢1hﬁ‘ W§L '%Ibt%h ?e?gﬁ%yrre
reaction per, O@olrévsmléxé)llﬂ £ of ABPIOBtaafarde PRSRE qu‘d}éom de
(Al drich Chedrlnggtaegl%gedrrrplg%rﬁ? | wvaukee, W catal ogue No. 21, 967- in

di stilled wHandshest makiag. t o t he enzyne/pulp slurry to achi eve a 1% add- on
| evel (wt active chemcal/w dry fiber basis) and allowed to conti nue

m xing for ag3enonH ifRidle FomIIK Puld that Simddiffedbyckhe folldwing prooesd: hour, the
slurry of nodified fibers is rrade irectly into | ow densjty handsheets

wi t hout filteringThegfibers hrmgeatcd dt spprmegxaénly 3 starting cOHﬂ&WP@Y oDigtilled t he
| t f the d | |

| ndi ces, Oandmwe ppheesia BB B ol st 1 i e e CHREEREPANER ' I

can be seen (Ifl @/Vt,,_aaoon (ftnfa‘tcﬁ DAYAED 80l bhaRht afy Qtfxlp) he aﬁpﬂ@ﬁfm&t&byt h

Carezyne fol er treatnent results in substanti al Iﬁw reduci ng
the dry zerolSsmandseJimalléghtnd@ 1{DASEY (bightrie!, Ratiestet &Y ¥) e 120°havater ai ni ng
t he

over al | dry balhsi The iffedTpulpr cakigeiss H@@Fatﬁ‘é)ﬁﬁaﬁp%""t‘@attcgp lﬁ&ﬁn g’r?e@t

sanple produgfdoliRBuRATRS | théfladdel €S fhe enzyme/water grixtgre. The n(né%nsgcr?tle o one

Density DZShe 1¥HME™® miklr is DAPddsEd to Widve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the

IJ

enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on level (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At the end of the second hour, the slurry of modified fibers is made
directly into Jow density handsheets without filtering, quenching or disintegration.

Table 7 givee the results of the density, dry tensile index, dry and wet zero
span tensiles indices, and DT/DZST ratios of the low density handsheet samples
made. It can be seen from the table that enzyme modification of the fibers with
Carezyme® results in substantially reducing the dry zero span tensile index (DZST)
of the NHS fibers while maintaining or improving the overall dry tensile index (DT)
of the sheet compared to the handsheet sample produced from unmodified control
fibers. The addition of chemical debonders to the enzyme modified fibers further’
reduces the DZST. |



T (g/cc) (N rﬂg) reductlon(N mg) ratio (N mg)
Control SSK** 0. 135 117. - - 7.3 16.1 120. 6

9A( 1L96Z, | %-IVB) . 125 68 42.1 5.8 11.7 30.

9B( 297, 1%4!\7@556996 120 70.9 39.6 7.1 10. 0 PCT%’&?”A‘““ Cz =
Carezyne[err] 5.0 L HVB = hexanet tgoni um brom de **:Not an exanpl e
of the present invention. -6l- EXAMPLE 10:

Treat nent of NSK Fi bers and Fi brous S
Nor t her n Sof t wood Kraft (NSK) pulp ca

t-ures Having | nproved Flexibility
om sectlon B above are treated

and made i ny 5 ; Gk e =rearpeT—t—sigets—pe——Sanpry) Uusing
t he proceduSaniplé (de@ﬁibti&i@ Bcné’ ¢ EDSTF(%DXSK pulDY | DZSTYDYnWIZBT ijed,
diluted to 2,000 nL with tap water, and disintiegrated for 3,/J000 revol utions
in a TAPPI [Standard Di sintegrator e handg : 10A is
made from NSK pul p that is resaction|| Qlwig) The
fibers are =eai-ed RSt 304eanai—at omer e

pr eheat ed io uith.- . § nm3.lof ja Mccreﬁsme sol ution
(0.5% vol unelwt__addition off Carezvine 5 hnnidr\l puloiLfar

appr oxi mat e} 5 onds vi ng j T i xgrs (Ui ghigl N, 3RgcHester,
NY) in a 12 %‘f”gﬁ ter 6?169# elatlj'lr?ntdl?led Dulp cdke 1s preheatdd to
appr oxi nat € 4 r vg O tihe dded tihe
enzyrre/vvate’7£rﬁjl>($([gﬁ’ AM%@P% rgp@ qf :}/‘ﬁg Ligf?tni n' [glr?] m&ﬁe’? ifs

i ncreased tG-achieve contrnuous turn over ana

agitatron of the pulp slurry
and all owed#* o ma:ecatfeﬁyme@ﬁrmki mately 1 hour. At the end of the hour, the

pulp slurry is itativ trans red and dewatered in a Buchner funnel
s

with filter pap ake is then added to approxi mately
1,000 nL of 3.1 %@Q@ ,Fﬁ%ﬁ X, available from The d orox Co.,
Cakl and, CA) fngg)tggg* g)fg‘% ﬁ{ qa'\/\]/‘é;s}'goglr) sol ution, m xed, and all owed
to react for a EXAMPLE 8:

T ent d u with Ce

Northern Hardwood Sulfite (NHS) pulp cakes from section B above are
treated and made into 4 low density handsheet samples (6 sheets per sample) using

the procedure outlined above. The control NHS pulp is the same as in Table 7.

Sample 8A is made from NHS pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency in a 50
millimotar buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer
solution, preheated to 120°F, is first mixed with 30 mL of a 1% Celluclast®
solution (1% volume/wt addition of Celluclast® 1.5 L on bone dry pulp) for
approximately 15 seconds via a Lightnin'® lab mixer (Lightnin’, Rochester, NY) in
a 120°F water bath. The unmodified pulp cake is preheated to approximately 120°F
via a microwave oven and is then added to the enzyme/buffer mixture. The mixing
rate of the Lightnin'® mixer is increased to achieve continuous turn over and
agitation of the pulp slurry and allowed to react for approximately 1 hour. At the
end of the hour, the pulp slurry is quantitatively transferred and dewatered in a
Buchner funnel with filter paper. The modified pulp cake is then added to
approximately 1,000 mL of a 100 ppm NaOCl (4 mL of Clorox® in 2,000 mL of



-68- mnimumof 5 mnutes at roomtenperature to quench any further enzyne
reactions with the cellulose. After quenching, the nodified pulp slurry is
gquantitatively transferred and rinsed with approxi mtely 1,500 niL of
distilled watsgrsssid dewatered in a Buchner funnel with filtgsr/DesaisgzThe
resulting nodified pulp cake is then diluted to 2,000 nL with tap water and
disintegrated for 3, 000 revol utions in asFAPPl Standard Desintigrator

bef ore handsheet nmaking. Sanple | OB is nade from NSK pulp that is

modi fi ed by wdiilledm mjutp% cixesh, and allowedriegredat ferrasmipimuny of} miputgs at

FPPst ved o0 1G8PEaEtiabenth Sl BE: SO R BIAPREMER ecditeE il e
addition of GaERRHE the thddifvd ﬁﬁﬁ%hﬂﬁy i ghahkitdtivelyoRiisgertedeird Hnskd willgonds

via a Lightnin' Iab m xer (Lightnin',” Rochester, 'NY) in a 120[err]F water
bat h. The unapptokireatelyd, iﬂoaak@fudsstxmeéh@aer@idtd@wapmm|arﬁudmyr fimo¢lewith F vi a

a m crowave en and the adde the enz e e m Xi ng
rate of the tﬁﬁ?‘?ﬂeﬁ ting fP?fgﬁ%ﬁgE “tag é% ’é\é{g %‘gﬁ‘{r}zﬁh@@' f’VL’JtBr? Pver
and agitatio e £ly 1
hour . gAt t he’aveagédr %’P ‘%IEM{ éd%%ﬂ%é%ra}oh ur rg;ﬁg‘sT%ggtr\tsF%g?@egléé}ﬁt; ansf )ér red

and devvatere(tbefomehrﬂshéeﬂmakﬁ:gnnel with filter paper. The nodified pul p cake
is then added to approxinmately 1,000 nL of a 100 ppm NaOCl (4 nlL of C orox

in 2,000 nL ghmgiessB {4 MskieNRie NHS phlp ithA s m%ﬁfﬂ%dby&ﬁ\éjfoﬂbwgaﬁoé&sreaﬂ for a

m ni mum of 5 m nutes at roomterrperature to quench any further enzyne
reactions with thdbedibers @rséreawﬂta&rapmmemm}yg}%tmsmfomw Ireg SQurnthmolarry i s

titat d d th 5
Giati 11 od vePbEenRGE o SRR abecde Baa et 08 HE PR Hnf pRder Hubh, 11
resul ting rmgféhbaédwllﬁo@akseﬁfsm&émwﬂh'wm 3£% 29,08AnIEashV®! bl er and

disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrato
bef ore hands hebltneﬁukadcgnon 84 0pllecldsd® 1.5 Lraddofie dry PpiBl) forl apprdxamately hfodl fied

by the foll The fib t t tely 3%
ot art ng conStORAREE § Liibteiy® i mxfsa@g%%p?@%c%%ﬁ?& R L0 Wt ot a0
et m wed Sty FHE fmdgincd ul ol iF Prieafi, (B aBGZBle1y Y2 iR T 1S

addi ti on of ﬁﬂéﬂom’vastmnlaﬂismidﬁae tolthe mﬂyﬁx)elﬁuﬁermpnmﬂmmbgnglfateseconds

via a Lightnin' lab mxer (Lightnin Rochester, NY)
-69- a 120F fhthsLightoin' ®1rn@xen Hrgerensed do pghisve ak@mug%meaﬁre@dt agitation

appr oxi mat el y¢ Eh%&ﬁl# Eﬁm@ %ﬁgwgdé fo UG Yo BfprbRintdtP 13RUE I At thel &1 of the

enzymne/ buf fer
hour, the pulp slurry is quantitatively transferred and dewatered in a Buchner funnel

with filter paper. The modified pulp cake is then added to approximately 1,000 mL
of a 100 ppm NaOCl (4 mL of Clorox® in 2,000 mL of distilled water) solution,
mixed, and allowed to react for a minimum of 5 minutes at room temperature to
quench any further enzyme reactions with the cellulose. After quenching, the
modified pulp slurry is quantitatively transferred and rinsed with approximately
1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.
The resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before

handsheet making.

Sample 8C is made from NHS pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency in a 50 millimolar
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer solution,
preheated to 120°F, is first mixed with 30 mL of a 1% Celluclast ® solution (1%



rate of the Lightnin' mxer is increased to achieve continuous turn over
and agitation of the pulp slurry and allowed to react for approximtely 1
hour. At the end of the hour, the pulp slurry is quantitatively transferred
and dewat ewodsiséssa Buchner funnel with filter paper. The noecf/ussb/medsp cake
I's then added to approximately 1,000 nL of a 100 ppm NaOCl (4 nL of
Clorox[err] in 2,000 nL of distilled wat&) sol ution m xed, and allowed to

noyme. ?reaitm”'%#dew eéﬁpﬁvca@é@rﬁ?t b oot e nimmeneaal B4
shurry i's qualbLdaliave &%&r%&%&nﬂsﬁcﬂsﬁ "R TR t]e 500_ L

of distilled water and |n a hnef "t unne th filter paper The
resul ting nodathi ed'hpUnIxrpn@cﬁﬁéd l;ﬂl}i leeke ds |p#él&dteﬁot02aﬁ5}6xiiﬁatedm fegeBpvigaser and
di sintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator

bef or e handsnwpwmw@ andsarﬂmneadﬂgd)m glmmﬁb@fﬁ:mtpm plheniXing ratedi f i ed
by the follo es e.fibers ar reat t a I’OXJ mately 3%
consi st ency Phis BEBER miser s inerEren 1 AEhErS houPuERt fim heahl SR Sl e
acid of pH 4efith e'Bﬁga/QHﬁ?%d aRbwed %a&rﬁhs@rsﬂnia@u}aq{oafrh?me éhdfdﬂtﬁé m xed

0

with 22.5 nL of a | ucl ast sol ution 5% vol une/w additi on of
Cel | ucl ast lerzymeoreabtiore perigd,p3 phL f off aamﬁr(m/vw)t edlutia’s of clexaohsthonuna

The unmdi 1 BT GARREE Ghemical (oY Y aapken Warar peio Bt e IR b g
m cr ovave oveRuARchyke: WEReFVAS bl hOBuBUNEPLPUNIAE I 6atin 1S AW‘X' g

rate of the m Xer 1S I ncreas to achi eve continuous tur over

and agitati omctn'b dhlemigaliwp dsy dibey basis) ad aliwckd © coaminbe mikingpfor axsezehd| y 1
hour. At the end of the hour, the pulp slurr |s gquantitatively transferred
and dewat er ohouTt A205Fe HGibe £id A haygepond hour bygevrof mpdifipd Bipets dymade p cake

IClso: gife???el rr]é gly ml%ﬁﬁ“?%p&ﬁ%&%%ﬂfiﬁeﬂ&g |on l}%\%ld rﬁ;%%ﬁ&homeg to
5

enoyme T eact DURRIe ] § rs ot NSRoBUe UF Fmodiien s PROEREF ol pulp

slurry is quantitepd ¥ Y%Exﬁea&é femb8af 8 leﬁﬂﬂmf]élgsﬁ)? c%sﬁ%}ewo% 508hiRin{othr ©00 ML

of distilled water and wat ered I n unne | ter paper.
-70- The r esbxhﬂférrsglmmdldflsedxupuh@tamhnd ceticheeid of |pH 44. t Thebefiér solutiomt h t ap

t d di t d f 000 | ut d
Desi nt | or at OPBEHGH & FANodBs: MRGAEs ADZBho5i B CHIABOR BV nat e
Di sod Sal l4f g@lg,o f
n- Snglegrenny?sﬁcIm ﬁ/l“g y dﬁ%g’r&dgél ‘%&#}%oln%gn gt&ﬁeo%&r]ﬁflﬁ ?‘ﬁ%ﬁﬂ%@n cal 18 ©

Conpany, | nneseondsGyiaad LF@tmn’@ lab mixer (Lightnin', Rochester, NY) in a 120°F water

bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/buffer mixture, The mixing rate
of the Lightnin'® mixer is increased to achieve continuous turn over and agitation
of the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the enzyme/pulp slurry to achieve a 1% add-on leve] (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At the end of the second hour, the sturry of modi}ied fibers is made
directly into low density handsheets without filtering, quenching or disintegration.
Table 8 gives the results of the density, dry tensile index, dry and wet zero
span tensiles indices, and DT/DZST ratios of the low density handsheet samples
made. It can be seen from the table that enzyme modification of the fibers with



degrees Centigrade for approximtely 16 hours. Follow ng the 16 hour
reaction period, 3070 g of a 1% sodium sul fate sol ution was added and m xed
for one nore hour and renoved from heat. 1000 g of a 50% sodi um hydr oxi de
sol ution S slowy added to the enul sion with consta LJ to form
a 49% con?@n%sggﬁqon of the n-Dodecenyl succinic acid rmnosoglé'ﬁ/r§1b§s<d<’ﬁq 4.3 From
this, a representative sanple was obtaiped and diluted to 6% concentration_
with distilled water and the pH was adjusted to 9 with sodi um hydroxi de

sol uti on t oCeluchast®aesulfoid estaamtisly fidncing tha drgdettnspBaténsile idder (BZ8T) on of

n- Cct adecenyl succi nate Di sodium Sal t: | . 500 g of n-Cctadecenyl] succinic
Anhydri de (@ Ebers véhilegnainining eiimpoedng el ove@%ﬁﬁ%mﬂﬁ X was

1y
nelted at 70.degrees Centi e,and,then m xe it IR d water
for approxi ﬂ@?ﬁ?e%%ﬁ?g{ogtgis |h896?5#?§§ﬁ%8’rf’1 rﬁgﬁéredrh%%gt‘lgjgﬁ)fdﬁ%dls%dél !ujof he
enul si on wagipERNMOMRGIIRIR dfeemiddll dddchdersOb the eRfPrso fodifiedyilicex fitthes ol ut i on
was mxed in along with 2000 g of distilled water to formthe
n- Oct adecenydsoesthe BZSTDi sodi um Salt. The enul sion was then mixed at room
tenperature for another 20 hours and then m xed with 100g sodi um sul fate
crystals and 400 g distilled water. FrgspeBhis, a representative sanple was
obtained and diluted to 6% concentration with distilled water. Sanple 10E

is made frgrRSRpOTp-tiTat) S5 nogi (1 ed fjy (e o1 O The
fibers are [Sample(descriptippPoRenstyd| PZ8% 3PaPLShy cPdsi ) ed
wat er prehgated to 120[err||F is flirst m|xed with 15 ofTa 2% Car edyne

sol ution (
appr oxi mat

NY) in a 10Tt wat er. pgtin. 11
CpnolNHSPT F vi b G095

m xi ng rat €f

0 vol une/ wt addj tj on_ df [z 5.0 L op,bone.dry I for
ly 15 seconds v afgéc}_ﬁ W(é quégﬁ‘% rmp(g|>_i gﬁ?ﬂ?n' ,(ﬂu%@%ster,
685”[3'”“”60 UIglcaEIg___ﬁe eareq to

30.7 85.1
=ty ==y v aEAS e ere&-t—t=% = rC =7V 7 "“"’_"“ --he
saf (1€ ght ni ' 0.09&dr 6431 1 i €86 contddmBiofs turn
over and o’ tation of the pulp slurry ayg od -t o-deact—foF
appr oxi mat efsp (doiogy . At thep gggl Jof 54 he [enpygre| regati gn Ber i )d,37r,31e%1|2H of

the enzyne/fpulp slurry is pdjiustdd to agoroximptely 10 with @ 1 nordml

sodi um hydr Q@(q%c@j%ghggg aglpsist me?%rezis 14601 agB% (W bwol ] saRutijon of

n- Dodecenyl ucci nat’e um Saljt aration descrilbed ab bve) i s ladded

to the enzy bl | PRI AV | ilevesa 3% -on vell (M opadtiye
chem cal / wm %@4%2%%? S;’O.gﬁ; al ﬁ)‘gvec t%ﬁgohti E%e r'x%% for %% for e

mnutes at 1Z0[err|F. Atter 30 mnutes mxing, the pH of the enzyne/ pul p/
n- Dodecenyl*sucClOmCellwdlast®.5F adjusted to pH 7 with 1 nornmal sulfuric

acid. After pH gmp = hexamethonium bromide
**:  Not an example of the present invention

Southern Softwood Kraft (SSK) pulp cakes from section B above are treated
and made into 3 low density handsheet samples (6 sheets per sample) using the
procedure outlined above. The control SSK pulp is left unmodified and is diluted
to 2,000 mL with tap water and disintegrated for 3,000 revolutions in a TAPPI

Standard Desintigrator before handsheet making.

Sample 9A is made from SSK pulp that is modified by the following process:
The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 30 mL of a 1% Carezyme® solution

(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately



adjustnent, 1.75g of calciumchloride (J.T. Baker, Phillipsburg, NJ)
dissolved in 20 nL distilled water is added to the enzyne/ pul p/

n- Dodecenyl succi nate slurry and m xed for another 5 mnutes at 120[err]F.
At the endwoOf98sés81treat nent, the pulp slurry is quantitati VvREEUsIsansflerr ed
and dewatered in a Buchner funnel with filter paper. The resulting nodified
pulp cake is then diluted to 2,000 nL wi%h tap water and disintegrated for

3,000 revolutions._in .a TAPPI. dard sinti,gpat.or _befgre h eet

ki ng. < Sanpt S5ep '8 i A R RPURsE N LG S30RONET | owi ng
process:  tpath, Te fidedatied ulp’ B PhehBiEy Q! @@;ﬁm&“{y SIRPEiIIE a
consistency. Distilled water preheated to 120[err]F is first mxed wth 15
m. of a 2% Gaicrawane] evenjangd ¢d thén added 104hecnayreé/matenadudiktuiranThd mGdngrateref 5. 0 L
on bone dry pulp), for_approximately 15 seconds via a Lightnin' |ab njxer
i ot ot e ke TR R ineaod f AP e DR i 9HE RSO OF sul p
cake is pre t ' vl ) CLO S
thon added t P SRrSBMORRA T ke 8 igordicitin’1 Mok O fe SHFOFHE, ||

m xer is incéregfredréactiar pegody IR fodls % Wnt/voljesolaich afieatmethoniuni he
pulp slurry and allowed to react for approximately 1 hour. At the end of

the enzyne rlaamidefAldsich &hemicsk Compeny Midwaukepn®imatalogieiNey21,86%48) st ed to
i mat el y. ith O. | di h | de, . Aft er,, pH ' t, 5
TP or a o6 (et At o loRe sRBTARRS LT et s M AR O

(prepar at i onaciRe CheRAL/M A¥e bk bRy dt AloWee 18eniTRId MiRing! fof aYsebéndachi eve
a 1% add-on level (w active chemcal/wt dry fiber basis) and allowed to

conti nue m xhow at $20°F0 Attheend of the second hour, the sturry of modified fibers is made

-72- mnutes at 120[err]F. _After 30 -m.nutes n xi ng, {he . of the

enzynme/ pul p/d’FF-Ct]bé’éféi%‘ﬁfF%’&té(@?ﬂéaspE"t§ Withoyt filtering; a'gﬁ"@famﬁ&?gﬁmfewml nor mal
sul furic acid. After pH adjustnent, 0.43g of zinc chloride (J.T. Baker,

Phi | | i psbur gSamply 98iis sade &em NSKpuln thet ismadified hiathe follewing PEeres® t he

enzyme/ pul p/ n- c | suceinate, slurr. d.g xed.fo r y Ut es at
120[err] F. At t %F%nﬁggr? af?‘n%eﬁf}%iﬁ{ %@{ x1¥r{aﬁegy 83)? Sggfr{ﬁ' é%‘%%géngganﬁﬁs@ I vel y
transferred wagr prhedted &1120°F ds Beg hRed it ml ba f10h CakeZpRR® solitivh
resulting nodified pulp cake is then diluted to 2,000 nL wth tap water and

di si nt egr at e@% welugieO0additionl ofiGaeryma® 4.0TIaPRIboge drinvly) frsippraxdmatebr
bef or e handsheet ki.ng.,. Sa 10G i de fro K t owl S Todi fi ed
by the foll ot&aﬁﬁ’oﬁ%‘@ég&’g&% ?abﬂr}ger i%b'gﬁg“’é’r%mfraeé'\{gf’ggy L{}‘ %E%i gx‘?"ﬂﬁ‘t ely 3%
starting Congitk! €KY unkhodifidd! gﬁk GIR" isPpRAEALE o Lépplaliirately F20sF fig s M xed
with 15 nL of a 2% Carezyne s |8tl0n (1% vol uma?wt additi on of Carezyme 5.0
L on bone drmigrowmye dven aapisrther added ko/the enzyme/water mixture. The mixing rate of

the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, 30 mL of a 1% (wt/vol) solution of hexamethonium
bromide (Aldrich Chemical Company Milwaukee, WI catalogue No. 21,967-3) in
distilled water is added to the en:'zyme/pulp. slurry to achieve a 1% add-on level (wt
active chemical/wt dry fiber basis) and allowed to continue mixing for a second
hour at 120°F. At the end of the second hour, the slurry of modified fibers is made
directly into low density handsheets without filtering, quenching or disintegration.
Table 9 gives the results of the density, dry tensile index, dry and wet zero
span tensiles indices, and DT/DZST ratios of the low density handsheet samples
made. It can be seen from the table that enzyme modification of the fibers with
Carezyme® followed by debonder treatment results in substantially reducing the

dry zero span tensile index (DZST) of the SSK fibers while maintaining or



15 seconds via a Lightnin' |lab m xer (Lightnin', Rochester, NY) in a
120[err] F water bath. The unnodified pulp cake is preheated to
approximately 120[err]F via a m crowave oven and is then added to the
enzyme/ WaiRy ogfaddiur €. The mixing rate of the Lightnin' MXF{Jlegs,si/ﬁ ‘{eased -
to achieve continuous turn over and agitation of the pulp srurry and
allowed to react for approximately 1 hodt. At the end of the enzyne
reaction period, the pH of the enzynme/pulp slurry is adjusted to

appr oxi mat eimprogingithdroerall dryr tepdilesndtix (DT \of thexsheet. coAfpared tp thelttindstesent , 25
m. of a 6% wt/vol(? SO éti on ofd,gn-?decenyl succi nate Di sodi um Sal t
(preparatio & Prddyg povRynodified fhets-t 0 t he enzyme/ pul p slurry to achi eve
a 5% add-on | evel (wt active chermcal/wt dry fiber basis) and allowed to
continue mxing for 30 nore mnutes at 120[err]F. After 30 m nutes m xing,
the pH of the enzyne/pul p/ n- Dodecenyl succinate slurry is adjusted to pH 7
with 1 normal sulfuric acid. After pH adjustnment, 2.15g of zinc chloride
(J. T. Baker, Phillipsburg, NJ) dissolved in 20 nL distilled water is added
to the enzyne/ pul p/ n-Dodecenyl succinate slurry and m xed for another 5

m nutes at 120[err]F. At the end of the treatnent, the pulp slurry is
quantitatively transferred and dewatered in a Buchner funnel with filter
paper. The resulting nodified pulp cake is then diluted to 2,000 nmL with
tap water and -73-

di sintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator

bef ore handsheet making. Sanple 10H is nade from NSK pulp that is nodified
by the followi ng process: The fibers are treated at approxi mtely 3%
starting consistency. Distilled water preheated to 120[err]F is first m xed
with 15 nL of a 2% Carezyne solution (1% volunme/wt addition of Carezynme 5.0
L on bone dry pulp) for approximtely 15 seconds via a Lightnin'[err] |ab
m xer (Lightnin', Rochester, NY) in a 120[err]F water bath. The unnodified
pul p cake is preheated to approximately 120[err]F via a m crowave oven and
is then added to the enzyne/water m xture. The m xing rate of the Lightnin'
m xer is increased to achieve continuous turn over and agitation of the
pulp slurry and allowed to react for approximately 1 hour. At the end of
the enzyne reaction period, the pH of the enzyne/pulp slurry is adjusted to
approximately 10 with 0.1 normal sodi um hydroxi de. After pH adjustnent, 5
m. of a 6% (wt/vol) solution of n-Cctadecenyl succi nate Di sodi um Sal t
(preparation described above) is added to the enzynme/pulp slurry to achi eve
a 1% add-on | evel (wt active chemcal/w dry fiber basis) and allowed to
continue mxing for 30 nore mnutes at 120[err]F. After 30 m nutes m xi ng,
the pH of the enzyme/pul p/ n- COctadecenyl succinate slurry is adjusted to pH
7 with 1 normal sulfuric acid. After pH adjustnent, 0.27g of cal cium
chloride (J.T. Baker, Phillipsburg, NJ) dissolved in



20 nL distilled water is added to the enzyne/ pul p/ n- Cct adecenyl succi nat e
slurry and m xed for another 5 mnutes at 120[err]F. At the end of the
treatment, the pulp slurry is quantitatively transferred and dewatered in a
Buchner fuM@@8/5698th filter paper. The resulting nodified pwqgrAsskeis4s t hen
diluted to 2,000 nL with tap water and disintegrated for 3,000 revol utions
in a TAPPI Standard Desintigrator bef or€7handsheet nmking. Sanple 101 is

made from NSK pulp that is nodified b foll ow ng process: The
fibers are treated at approximtely 3 ting consistency. Distilled.
water preheflT€0 1O IZ0[ Tt TS T[TSt T Xed T 15 ML 01 a |29 carezyne

approxi matejy 15 seconds vila a Li ghtni n5 | ab mfxer (Ui ghTnin', Rochester,
NY) in a 12p[err] F water bath. di.fied I ake . s {preheatied to
approxi mately 120[err]F vig /¢ & de“cmm Nnle)|“ratio” | ")

-74- m crowlive oven ana 1s

m xi ng rat e@mltoh§SK|*§ht ni

over and agjt=at==e =
approxi mat e %@MDJ‘L%}MB) eoemsl
the enzyme/ pulp adj uste .
sodi um hydr | ‘r. s @%Cﬁl“/ﬁ-!MBb" ) se@hutji on of

n- Cct adecenyl suce Odi L ] ve) §i s added
to the enzyne/ pﬂ]zp= thzyme@d GLhi eve a 5% add-on | evel (wt active

chem cal / w dry}ﬂwge;hégaﬁjeﬁgonmdb%,@yved to continue mxing for 30 nore

m nutes at %30[ &fok hif exdh 'bfﬁlg $ ing, the pH of the enzyne/ pul p/
n- Cct adecenyfsﬁ:m ng)t(e ?urryﬂg&m?u%r{ﬂe to pH 7 with 1 normal sulfuric

acid. After pH adjustnent, 1.36g OWM oride (J.T. Baker,
Phil i psburg, NJ) dissol ved in 20 d water is added to the
enzyme/ pul p/ ns Oct ad ) , ' gt her.. 5 m nut es

at 120[err]F. e eS Having | d Flex
guantitatively tr nsferred and dewatered |n a Buchner fﬁnnel with filter

paper. The resul BYHHERHEP ‘I"%‘Eﬂ Iﬁmﬁﬂ%&.{%@ql&caéﬁéﬁom seei@uBragove o dreatedwi t h

tap water a is' g 3 vol TAPP rd
Desintigrato g% 13% [ifgo Wa}l}?n(r%%’ee?éﬂﬂ%l% ?él]sr&f& éerrfé\g‘gief) ?‘2&@& pul p
that is rmdlp%&dmleyoﬁth@ed‘ @tbdvevv' THe REMESIWSK pulp is lefh@niobiTed, dilged teat ed at
approxi mately 3% starting consistency. Distilled water preheat ed to

120[ err] F i £,900r il mithethpwiveter,18ndhidisuttegratedo fon Sed0Pnisvebitions ém o THRPSI ure/ wt

addi tion of ez ne for appr oxi mately 15 seconds

via a Light ﬁda{@é@%ﬁ%ﬂ%ﬁ%@;ﬁ%ﬁgﬂ%@ﬁg& in a 120[err] F water
Sample 10A is made from NSK pulp that is modified by the following process:

solution (1 WG@GWPWJ tiemsitiof HZ@S’%E%}EZSTW IDBn m@ryWE%f or

oremnmr a

(faed"Tp r1e eiZyIeT ter nnpxcare. jlne
1creasei tb3ach| 86.¢& donk20rfudus turn
onlperi od30.6hel pH of
Qwithl0 1 norfmal

The fibers are treated at approximately 3% consistency. Distilled water
preheated to 120°F is first mixed with 7.5 mL of a 2% Carezyme® solution (0.5%
volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately 15
seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
hour, the pulp shurry is quantitatively transferred and dewatered in a Buchner funnel
with filter paper. The modified pulp eake is then added to approximately 1,000 mL
of a 100 ppm NaOCl (4 mL of Clorox®, available from The Clorox Co., Oakland,

CA) in 2,000 mL of distilled water) solution, mixed, and allowed to react for a



bat h. The unnodified pulp cake is preheated to approximately 120[err]F via
a mcrowave oven and is then added to the enzyne/water m xture. The m Xi ng
rate of the Lightnin' mxer is increased to achieve continuous turn over
and agitatjion of the pulp slurry and allowed to react for i ely 1 -
hour. At TR3EABLof the enzynme reaction period, the pH of ?‘ﬁ@bgﬁﬁ%/ pul p
slurry is adjusted to approximtely 10 \éﬁFth 0.1 normal sodi um hydroxi de.

0

After pH adjustment, 5 nL of a 6% (w/vol) solution of n-Dodecenyl succi nate

Di sodi um Sal fidiRGANGH Prnirfeste fonh RAthepdt@éad quénchdaleduitheridhgyfe Feattdmul p
slurry to achieve a 1% add-on Ilevel (w active chemcal/wt dry fiber basis)
and al | owed with dbertcethaleseri XAftey quenchdng, rtbe emodified pulp slury is quantitatively

-75- mnutes at.12Q. After 30 minutes.ni xing, . the oH of.. /pul p/ n-

DodecrennSi‘sﬁée#‘}ﬁmgsp@I ripsed i (APPERKLBBIEY TS 0R ¢ 10%‘3&3#131?65%%”? i d,

After pH adj ﬁa@&%in QBgéﬂ'xe?Fﬁrxﬁxgi G)itwﬂl&k"gﬁgérsﬂerrfe%eaimiﬁgﬁh@aiﬁeﬁmuhﬂ tagbur g,
In L e

NJ) di ssol ve I st wat er | dded to- the enzyne/pul p/
n- Dodeceny! siy¢ipsnrditutedsto ;000 mi evith tap evaten and disitegrated ford0@Grexolutidny iar r ] F.
At the end of the treatnent, the pulp slurry is _quantitatively transferred

and dewat er cTARPLStandasd Desintigratar bforphandshest meking:  The resul ting nodifi ed
pulp cake is then diluted to 2,000 nL with tap water and di sintegrated for

3, 000 revol uSdmple 10B inmadeRom NG gulpdhdds medifipddrydhe Balloyring prosessheet

maki ng. Sanple 10K i.s made from NSK pul.p that, is nmodified.by.the follow n
pr ocegs: ™ _ 'll:ﬁléeﬁ?’f)"érage gcgteg]raéaﬁpgﬁ)xggatgg'pﬁgyfmgg.?Igyy?,q?gs\[{lgf& e )
consi st enoy. prbhaitdd o990 HrsthBE Hifthd & w201 £3% CareByrhé® Sblufiba erisy LN 15

m. of a 2% Carezyne[err] solution (1% vol une additi'on of Carezyme 5.0 L
on bone dry yulhpg/vtaddapproCaedyale® §9 Eamobuie dry pudp)Lioylapprionimdtelp 15 xer

Li ghtnin', Rochester,_| Jdn a 120[err] F water bath. The . fied I
((:alkg i sI pr eneaeRds Yia aa’p%’ EIW"‘&QﬁP]SAﬁn}‘F ﬁ?‘a‘egeﬁi]gyg%\%%v%ﬁ‘l’%ﬂdp?sp
t hen added t he e i re. } X% . t1BgotLi ni n'
m xer s i ncé)aéﬁdseaﬁgéx’gﬁq@@eﬁ%@n%ugug%? gart%a )él\)/en% P, g%ﬁgfg}h altb ?olir_l \%]tat he

pul p slurry mpgowdveanes ahdistharidded o tBRhsyheWatk yhidtubs UThe Mixifgwtessfd of
the enzyne reaction period, the pH of the enzyne/pulp slurry is adjusted to

appr oxi mat el the Toghtnini® mnixerris inrasased tn achiewearoniipenus tam ayer spd agitsfianeiht | 5

m. of a 6% (y./vel ),.sol utign of . n-Cctadeceny): j Di i

(preparati onﬂ\‘ﬂaé’éﬁ? %IBEH agg@@g)wﬁti 40 5%?3%@”@@%%%&%%%%}%@ ;@%%g?gﬁeachi eve
a 1% add- on hat¢ethe pulp sherty ¥RuaRamtivaly (rifsfetied dndiieivakaed #)a Buchnat fuameld to
continue mxing for 30 nore mnutes at 120[err]F. After 30 mi nutes m xing,

t he pE of th‘e'itf; muyrfpamul Bhe modiﬁ@gm@ky li?j aiad@adetomm@mmgly@l’d?%m&lj todel
(3", "maker , SohtPismth NAGES (B plsior el 2986 Hiy of it o sBhebE 24 e

to the enzynghidl RAd AHERPRCREAYHS YGhiniRhR &f §iu@9dt room temperature to
quench any further enzyme reactions with the cellulose. After quenching, the

modified pulp slurry is quantitatively transferred and rinsed with approximately
1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.
The resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before

}

handsheet making.

Sample 10C is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency in a 50
millimolar buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer
solution, preheated to 120°F, is first mixed with 7.5 mL of a 2% Celluclast®
solution (0.5% volume/wt addition of Celluclast® 1.5 L on bone dry pulp) for
approximately 15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in



m xed for another 5 mnutes at 120[err]F. At the end of the treatnent, the
pulp slurry is quantitatively transferred and. dewatered in a Buchner funnel
with filter paper. The resulting nodified pulp cake is then diluted to

2,000 nl W@ PB/56881 wat er and PCT/US98/11943
-76- disintegrated for 3,000 revolutions in a TAPPlI Standard Desintigrator
bef ore handsheet naki ng. -69-

-77- Sampl e 1)} NSK pal p that, . di.fied t.h i
orocese: @ ok, AR QR Eoha e S pibARY B PR liBR 20K
consi st ency.vidh shittovRse WRELind s TRPHIAEA tPthb 2Rk Ahé/bifférSmbxnie! The padingi th 15
mL of a 2% Carezyne[err] solution (1% volune/wt addition of Carezyne 5.0 L

on bone dry rpigl ef) theo Lightgin'@ imisgreisyintfeasadc ton dehieveacentinughs tem' ¢verrand| ab
m xer (Lightnin' hest er,, in a 120[errlF water b The upnodified
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I s then add t ' : e r L i,ght ni n'
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pul p sl urry Bushined fimiel with fi¢tec tpap@t afher medifieiepulp lcdkeuis. théh ddded ewod of

t he enzyne reaction period, the pH of the en@/rre/ puI%rsI ur,r;é Is adjusted to
appr oxi mat elappraximately 500 mdy plba 190 apENAQEH (h mdecof Qlorex® Api2: 000t wint | 25

mL of 6% I o - | ' ] |

(pr oparat i ot Suted sl Ot rived 2B afoPEe ARt T A Bt S A i v
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continue mxing for 30 nore mnutes at 120[err]F. After 30 m nutes m Xi ng,

the pH of t Iquerchingyshpuhqsified pdpt sharey dn guanisativelyt andferred ands riasiduwitbd to pH
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quant i t at i vevatert amhdisittegeatechfiock 3,60@trevadations ia BTARPE Stindarte Desintigrafar| t er

paper. The before handsheet making.

.Sample 10D is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% consistency in a 50 miilimolar
buffer solution of sodium acetate and acetic acid of pH 4.7. The buffer solution,
preheated to 120°F, is first mixed with 22.5 mL of a 2% Celluclast® solution (1.5%
volume/wt addition of Celluclast® 1.5 L on bone dry pulp) for approximately 15
seconds via a Lightnin'® lab mixer (Lightnin’, Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then ad&ed to the enzyme/buffer mixture. The mixing rate
of the Lightnin'® mixer is increased to achieve continuous turn over and agitation
of the pulp slurry and allowed to react for approximately 1 hour. At the end of the
hour, the pulp slurry is quantitatively transferred and dewatered in a Buchner funnel
with filter paper. The modified pulp cake is then added to approximately 1,000 mL
of a 100 ppm NaOCl (4 mL of Clorox® in 2,000 mL of distilled water) solution,
mixed, and allowed to react for a minimum of 5 minutes at room temperature to
quench any further enzyme reactions with the cellulose. After quenching, the
modified pulp slurry is quantitatively transferred and rinsed with approximately
1,500 mL of distilled water and dewatered in a Buchner funnel with filter paper.



resulting nodified pulp cake is then diluted to 2,000 nL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator

bef ore handsheet making. Sanple 10Mis nade from NSK pulp that is nodified
by the fol 1 process: The fibers are treated at jately 3%
starting (%ﬁg\gllﬁselncy. Distilled water preheated to 120[errf§¥}|y§9%}*lg%{ m xed
with 15 nmL of a 2% Carezyme solution (1% volune/wt addition of Carezyne 5.0
L on bone dry pulp) for approximately 15 seconds via a Lightnin' |ab mixer’
(Li ghtni n', TRordsaltingrmodifii¢d ptlpacake (¢ tHeh] dilueadl ©F 2,000 kL. withetap Rwadst driged pul p

cake is preheated to approximately 120[err]F via a microwave oven and is

t hen added ¥igintegeatech £0r31Q09; egvolutivnsirin. a THAPR StandardaDesintigrates befgtet ni n'

mxer is i chi eve continuous turn over and agitation of
-78- the ptr}?“%ﬁgfeg??‘%&ggd allowed to react for approximately 1 hour. At the

end of the Prpatafod 6A¢DodeceRPlsh@shatd DRoBiunPSati: he enzyne/ pul p slurry is
adjusted to approximately 10°with 0.1 nornmal sodi um hydroxide. After pH

adj ust ment, 25 ni00g of disdllediwatedl Wemammiredowitinf3500 Roon-Fndesenytsuncihie

D sodi um Sal t I.ep. tion descri .,aboye) is added tqQ the enzyne/pulp
slurry to a‘gﬂ}?’&g@ea@g& ﬁm-ewm@vg%ﬂ{lﬂﬁp Q}é%‘inﬁ‘él @ﬂ@ﬁ?@aﬁWd ) ptddr basis)
and al | owedydopees Qinki HX| ; ' ot F er 30

m nutes m xietr%g,e t he 1%13%3[%1%‘% g%‘%ﬁ%?dﬂ(ﬁﬁr? %@ﬁn@ﬂzéﬁzﬁdﬁgﬁe tsoﬁlurry is
adj ust ed t opepidd,73GW0 ghofla A svliurs whifate sclution oras Addedranghhixed fistomenhore2. 159 of

zinc chloride (J, T. Baker, Phillipsburg, NJ) dissolved in 20 nL distilled
wat er is amgﬁ%rweém?%uﬂ 0 g 010 d@%esedium hydroxide selution yag thenni xed

for anot her i . ) , @ b t t pul p
slurry is qs&%fﬁétagt&ﬁoe@%_e@ﬁg %%‘Ee"a@ga‘%‘hq’g‘é%d‘sﬁé‘aﬁ ?E;gg{ %gﬁgéﬁo nel with
filter papehe nihsdecedlductinit aE0inbhObdiith BalC KRN fid, BeEpreliehtitiod sipid, 000 nl
with tap water and disintegrated for 3,000 revolutions in a TAPPI  Standard

Desi nt i gr atW#s usiged andidihstad ta 6Hetanaentration withedisiied watended theqpH NS pul p
h i j 4.1 f ol.] owi : Th i d
hppr ox: rar s 79, P, SRRl SSRer 1 for WY EDMRERDEGnes"" *¢ ™

120[ err] F iBisbdinmiSat. xed with 15 nL of a 2% Carezyne[err] solution (1%

vol une/w addition of Carezyne 5.0 L on bone dry pul p) for approximtely 15
seconds via a Lightnin' lab mxer (Lightnin', Rochester, NY) in a 120F

wat er bat h., The_ un i fie ul.o cake is preheated to approxinmately 120F via
a mcrowave. rmﬁméh Wé"?ﬁgﬁr‘%}g‘ﬁﬂm{%ﬁ?ﬂ& e/ water mixture. The nixing
A ﬁé eagz‘ t ; [lieohl g][?ml & of HLO&AddcEnyINRERAS Ahh) @iRCA0EYLcRBittAOAUMifIER OVer

Chemical Company, Inman, SC) was melted at 70 degrees Centigrade and then

mixed with 50 g of distilled water for approximately 16 hours. Following the 16
hour reaction period, the emulsion was removed from heat and 218 g of a 50%
sodium hydroxide solution was mixed in along with 2000 g of distilled water to
form the n-Octadecenylsuccinate Disodium Salt. The emulsion was then mixed at
room temperature for another 20 hours and then mixed with 100g sodium sulfate
crystals and 400 g distilled water. From this, a representative sample was obtained

and diluted to 6% concentration with distilled water.

Sample 10E is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a



the pulp slurry and allowed to react for approximately 1 hour. At the end
of the enzynme reaction period, the pH of the enzyne/pulp slurry is adjusted
to approxinmately 10 with 0.1 normal sodi um hydroxi de. After pH adjustnent,
25 nl of awoeuskewsivol ) sol ution of n-Dodecenyl succi nate Di Sarh/uspsBadss
(preparation described above) is added to the enzynme/pulp slurry to achieve
a 5% add-on level (w active chem cal/wil-dry fiber basis) and allowed to

continue m xi.ng for 30 nor.e. m nute 120F. ,After. 30 m.,putes, m xi ng, the
SH of the. e TIGTRTRNEPEI A8 IERAAN o dbe PRSI RTe: JaF JUXies TS OB 7
with | normghe E%fdiﬁ'%mﬁ&k@s intfeh§dd BHchieve continuous turn over %hdl ia%itatio% of

-79- adjustnent, 1.75g of calciumchloride (J. T. Baker, | psburg, NJ) -
di ssol ved i the2pulprsturtyi and hlieeedyvat eacti for appreximately Hehwmwz yAetheudnd/ of the

n- Dodecenyl succi nate slurry and mxed for another 5 m nutes at 120[err]F.
At the end §AEHPR Teationnpeiiodt e pH (fsther epzyme/pRiRn syt 18, Adjustedadaf er v ed

and dewat er . : ] ' . ha : | nodi fi ed
pul p cake i gglfljﬁglrrlﬁaéigw:}pe Eﬂéﬂﬁ%ﬁﬂ%ﬁhﬁ&&rﬁ%&gm ee}'pg%djgﬁ@%t{, gg?‘é ed for
3,000 revol 4fiz08% (Wt/volY AbRtioN! INAlD et yisatditHte Dikodiemosalt (brpatatiset

maki ng. Table 10 gives the results of the dry zero span tensile

i ndex, bendidessribeddboved iiadded doshe enzyateimulp sluyrytteachieee addo addron|level ndex,
li per, ' i ght,s. of the.low density.handsheet . de. It
can be. seontwt SHvERASRY R fiy A0 naghatiGRiomi 1Y POREGE misBeph et BARE :

Carezyme fobigweel spn2bhe dﬁﬁangermﬁﬁ%ssa&ing,déiet bANof wbﬁ@ﬂ@ﬁgpﬁ anti al
reduction of the dry zero span tensile 1 ndeXx (DZST) of thé N | bers
whi | e mai nt Blodecenylsncdimgse slurrpds adjested/ g 7 withy! hemsl selfunczcid.(Aftgr ppf t he

sheet conpared to the handsheet sanpl es_produced..from unnodi fied. control
fibers. | naipm%ﬂﬁi"g caleRiEn ShlﬁggﬂﬁcEgB%b#ﬁﬂ%m@%m) idé‘iaolfvr"g&%ﬂ exhi bi t
subst anti al ' i ' : sgﬂa,:;; control
sanpl e. The}'g‘eggﬁﬁg‘?% Slqgsld?%rd SB ?%{h;é?%%hgjg{nﬁgﬁg@regg@%?%e nglg%eets
produced fr edixédafoe ayotherandimbeds@an 20 Fanst theéndaf thetryatmet, thegelilp slaayds are 564
cnferr] and 673 cnferr], respectively, which corresponds to an average

reducti on ofluaditaiehhaansferedoant desaterachineg Bushper fiumebwithifiisy pors. The
flexibilit yre%{lﬂing%%?%gi S iecgiéé"isr ‘i@éﬂr Q%trergﬂgngbgoe LODSIAE 55 ARG gt th the

preferred being fhe coO n o bonder.
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before

handsheet making.

Sample 10F is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, the pH of the enzyme/pulp slurry is adjusted to
approximately 10 with 0.1 normal sodium hydroxide. After pH adjustment, 5 mL of
a 6% (wt/vol) solution of n-Dodecenylsuccinate Disodium Salt (preparation
described above) is added to the enzyme/pulp slurry to achieve a 1% add-on level

(wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more



Tabl e 10 - Sanpl e DZST  Bend. % Bend DT DT Calipe Basis

(description*) (Nmg Md./DT Md./DT . r W .

Ratio reduction (1 cnerr]) (g/in) (N
(mls) (#v? :
mg)tlerr] 89@%‘? {ol NSK* * 137.9 812 —- 1043PEFUPIHIB 165 3
10A(0.5%Cz) 146.2 704 13.3 1061 ;25 4 7.9 16.4 .
-80- 10B (1.5%Cz) 138.6 682 16.0 1016 15.0 7.6 16. 2

| OC( 0. 5%C) mx&é‘t@s &t 1209P1 After 30 mmlﬁes7mnaiﬂé8th1e6gﬁ off tift enz?@ne@pulﬁ/oﬁ)- (1.5%

CC) 130.3 25.4 1095 16 10E 110. 6

616 2@o§ecenyl$9ccmateslusvcis adjugedstossd BEth | aomr}al sulfriq doid. @dter pid  109. 2

cas  Sagmend disustaincihoride (17 oBakir Al Riep D 4ot e, T

113.1 52 ) LS, | (1%
Cz. 5% 105 Histilled wait? iaddgf Wyt Engymdpdipy nPlogbeeh st cﬁ:t)gﬁ%g’? %anrur(ﬁ)
10J(1%Cz, 196r dfdthe? 5 mifi@id at 120°F. Abihe end3éf theStriatment? the pillpShBBSis

CaCl[err]) 10K (1% Cz 113. 0 504 37.9 1539 21.0 8.1 17.5
quantitatively transferred and dewatered in a Buchner funnel with filter paper. The
resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before

handsheet making.

Sample 10G is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, the pH of the enzyme/pulp slurry is adjusted to
approximately 10 with 0.1 normal sodium hydroxide. After pH adjustment, 25 mL
of a 6% (wt/vol) solution of n-Dodecenylsuccinate Disodium Salt (preparation
described above) is added to the enzyme/pulp slurry to achieve a 5% add-on level
{wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more
minutes at 120°F. After 30 minutes mixing, the pH of the enzyme/pulp/ n-
Dodecenylsuccinate slurry is adjusted to pH 7 with 1 normal sulfuric acid. After pH
adjustment, 2.15g of zinc chloride (J.T. Baker, Phillipsburg, NJ) dissolved in 20
mL distilled water is added to the enzyme/pulp/ n-Dodecenylsuccinate slurry and
mixed for another 5 minutes at 120°F. At the end of the treatment, the pulp slurry is
quantitatively transferred and dewatered in a Buchner funnel with filter paper. The
resulting modified pulp cake is then diluted to 2,000 mL with tap water and



1% ODS, Znd 2 10L (1% Cz, 5% 103.5 498 38.7 1446 19.9 8.3 17.4

ODS, ZnCl[err]) 10M (1% Cz, 107.6 . 529 . 34.9 1443 19.9 8.1
17.3 5% DDS, zZnC 2 10N (1% Cz 109. 4 541 33.4 1535 21.4 8.1
17.1 5% DRgpofaédsherr] *: Cz =Carezyne 5.0 L CC Celpcpdsdstiinasr] 1.5
L DDS = n- Dodecenyl succi nate Di sodi um Sal t DS =

n- Oct adecenyl succi nate Di sodi um Sal t 13- ZnC [err]= Zinc Chloride
CaCl 2= Calcium Chloride **: Not an exanple of the present inventian.
81 What is digintegrated dor 3,000 revolntionst ik JARRI Stehdard | Besintigrator hgfaredr y

zero span tensile index that is at |east about 35% | ess than the dry
zero span t SHEATHES MAANEand a wet zero span tensile index that is at
| east about 70% 1 ess .than the wet zero span tensile i ndex of the

cor r espondi meMPAedeK is madekem YIS pelpithatds modified byithe follewingrpeessy o
t | t tially b T hi/ I Qsl ¢ T f
2I ai %ai hg\a/t |r nlgaa reyﬁgegggfe 2‘5% tecfgtn@prcgnﬁxﬁg%g b;/"l Etgmﬁgt og%lgt?g&ét D}?szi?ilg?oabout

40% | ess t hapatéhisreBéate® ROSP 3 fifse AfikéE withdSXmOf oft 12% Carezymé®IsbRtipandi ng
unnodi fied cellulosic fibers. 3 The nodi fied cellulosic fibers of

claim 2 havi(h% volumy/vtedditiopafi Camayine® Silexen bone dry pulpk for spproximsgely about
45% | ess thay the iy gt span Lensil 6 I Rdex of LhS Ny) in a 1305 GSRENTI N0
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, the pH of the enzyme/pulp slurry is adjusted to
approximately 10 with 0.1 normal sodium hydroxide. After pH adjustment, 5 mL of
a 6% (wt/vol) solution of n-Octadecenylsuccinate Disodium Salt (preparation
described above) is added to the enzyme/pulp slurry to achieve a 1% add-on level
(wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more
minutes at 120°F. After 30 minutes mixing, the pH of the enzyme/pulp/n-
Octadecenylsuccinate shurry is adjusted td pH 7 with 1 normal sulfuric acid. After
pH adjustment, 0.27g of calcium chloride (J.T, Baker, Phillipsburg, NJ) dissolved in
20 mL distilled water is added to the enzyme/pulp/n-Octadecenylisuccinate slurry
and mixed for another 5 minutes at 120°F. At the end of the treatment, the pulp
slurry is quantitatively transferred and dewatered in a Buchner funnel with filter
paper. The resulting modified pulp cake is then diluted to 2,000 mL with tap water
and disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before

handsheet making.

~ Sample 10 is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled,
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a



4. The nodified cellulosic fibers of claim1 having a dry zero span
tensil e index that is fromabout 35%to about 60% | ess than the dry
zero span tensile index of the corresponding unnodified cellulosic
fibers. \9 The nodified cellulosic fibers of claim1 wherein the -
fibers are Q8V&%%d from the group consisting of mo&FFUEA¥HNE hern,
sout hern and tropical softwod Kraft pul ps; nodified northern pul ps,
sout hern and tropical hardwood Kraft plleA[')S; nodi fi ed northern, )

sout hern anehitfoMRvE 8ver'AINVBRY adldd tb i Hx%iwagér‘]tg'ni'iﬁ%f TR mixing rate 8P ¢ 29 rn,

sout hern and tropical softwood Sulfite pulps; m xtures thereof.

The nodi fi etheckightring®i mixer einsreasedab achiebe vhrginabus tume oferbaxdsagitatiors ef ect ed
from t he group copsj sting of di fied Northern Softwod,Kraft
fibers, modit Byp sty andslipwed @ rsaqt{?aberep%lwlxﬂ > Anthe ﬁPQPSraJé%
t her eof . dif e I | Gaf | Cﬁh'?" n:t he
nodi fied fi %xézrysm ea}g&tﬁﬁ P Injugdr?eglgr gg‘ g); {218 %{n?]eéﬁ%%ehor mil)sr gﬁ@éﬁpuﬁase
enzynes and appriokimtately d 0fwitie0.4 ,normal sodivanHydrbkided Adtet pH aijusones] 29ml o r eact
for a period sufficient to reduce the dry . zerg span tensile index of
the fibers 18§ 2% @dswoDasaltionzshp-Octadecenylsugcinge Disodipm sgt(preparatéent | ul osi c

fibers of cl,al I ,CL,00r gani whi . [y | Q
pr oduces. ondesTob AT eieluS RCGHORERIe. Bl W achipye e SRERAA ovil
cel | ul osi ¢ {ibaitive cheflical/wt dfyefitep Bhdid)Qfld GHbWHA &S Edhtinud iRing forc3 Rindred
wherein one or nore enzynes belonging to the famly 45 cl ass of

cel | ul ases minatesist 13Q°Kni t Aftehd0 ceinutgsomiing, the pHfofhthes enzymedpulp/ Fhe
Todt {160 Cel sl o Bene oy ok A2 WSHE BibP oS SuelB! Suif RUEES
pH adjustment, 1.36g of calcium chioride (J.T. Baker, Phillipsburg, NJ) dissolved in

20 mL distilled water is added to the enzyme/pulp/ n-Octadecenylsuccinate slurry
and mixed for another 5 minutes at 120°F. At the end of the treatment, the pulp
slurry is quantitatively transferred and dewatered in a Buchner funnel with filter
paper. The resulting modified pulp cake is then diluted to 2,000 mL with tap water
and disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before
handsheet making.

Sample 10J is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin’, Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, the pH of the enzyme/pulp shurry is adjusted to
approximately 10 with 0.1 normal sodium hydroxide. After pH adjustment, 5 mL of
a 6% (wt/vol) solution of n-Dodecenylsuccinate Disodium Salt (preparation
described above) is added to the enzyme/pulp slurry to achieve a 1% add-on level

(wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more



11. The nodified cellulosic fibers of claim 10 wherein the one or nore

enzynes I ncl udes Carezynef[err]. 12. The nodified cellulosic
fibers of claim7 wherein the one or nore cellul ase enzynes are

sel ect ed fwmestseegigr oup consi sting of Celluclast[err], CellpEhisdsaisd,
Pergol ase[err], and m xtures thereof. 13. The nodified cellulosic
fibers of claim7 wherein the nodified fisbers are prepared by addi ng
a debondi ng, agent to_the cellulosic fibers, either before, duri ng,

or after theminutes gt H30F. bekiierr 30 onistitesi mixing:cthe il (Afathe enwymeipulp/ n+. _
Th di fiedncellulosic fi . of ..Cl. 8] wher.ein t hondj t i

2ddeq at o | Doyl 457 oS Gk 7 Wi el SRRl MR P
modi fied cel hdjhamesit, Di33810F cAbiugd BN BaRbr) th]%s;é‘aig?mn HES&IG&N{A 62'05

added at a level of at ['east about 0.3% on a'dry fiber basis.
nmodi fi ed cel mly distilled woter $s added|taithe tdzywhepdphnDodecbaplsnciinale abpenyt arids

added at a | evel, of fromabout 0.1 t bout 6%._ on a dry fibe asi s. 17.
Nbdi i ed ce|!“eﬁea‘gg’cafﬁﬂb‘%ﬁs‘?mnﬁﬁhéﬂé’gd%%@g@HEF%‘H%%@%PH W is at
| east ' : @pﬁﬁg St £ frhe
correspondi n@mﬁ{aﬁ%@ffnﬁﬁgﬁe E%‘H%EPF’S oe\gi lé%;ig%cg@s an aa wetﬁ lltglg%egp%ﬁr?
tensil e i ndesesulting medified |pafisicake is thembdikiited @602,6005 milhavith hap waterzado span

tensile index of the corresponding, . L
83 udisiptaerated) for 30000 sqvelytions iz, at FAPPle Standard Bepintigatass befpsg zer o

span tensil e,j g%ri gq- wet zero span tensile index of fromabout 1.5
to about 3, %ar?g e%‘&‘e i he fibers ~are at least partially bleached.

The

Sample 10K is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp slurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, the pH of the enzyme/pulp slurry is adjusted to
approximately 10 with 0.1 normal sodium hydroxide. After pH adjustment, 5 mL of
a 6% (wt/vol) solution of n-Octadecenylsuccinate Disodium Salt (preparation
described above) is added to the enzyme/pulp slurry to achieve a 1% add-on level
(wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more
minutes at 120°F. After 30 minutes mixing, the pfi of the enzyme/pulp/ n-
Octadecenylsuccinate slurry is adjusted to pH 7 with 1 normal sulfuric acid. After
pH adjustment, 0.33g of zinc chioride (J.T. Baker, Phillipsburg, NJ) dissolved in 20
mL distilled water is added to the enzyme/pulp/ n-Octadecenylsuccinate slurry and
mixed for another 5 minutes at 120°F. At the end of the treatment, the pulp shurry is
quantitatively transferred and dewatered in a Buchner funnel with filter paper. The
resulting modified pulp cake is then diluted to 2,000 mL with tap water and



18. A fibrous structure having a density of not nore than about 0.4 g/cc,
wherei n the fibrous structure conprises nodified cellulosic fibers
having a dry zero span tensile index that is at |east about 35%]I ess
than the dry zero span tensile i ndex of the correspgRg syé3odi i ed
cel | ul osi W%?%@P%l and a wet zero span tensile index thafﬁf s at |east
about 70%less than the wet zero span tgnsile i ndex of the .
correspondi ng unnodi fied cellulosic fibers, wherein the fibers are

at | east paaghﬁér%%;e?'f%acﬁm rAthteheriai & TAPPY iStindard Desintigratos brierea

bendi ng ulus per unit dry tensile that is at |east about 30% 1 ess
t han t he behghdsheet making. nodul us per unit dry tensile of a fibrous structure
prepared from correspondi ng unnodi fied fibers. 19. The fi brous
structure of claim 18, wherein the fibrous structure has a bendi ng

nodul us per unit dry tensile that is at |east about 35% 1| ess than the

bendi ng nmodul us per unit dry tensile of a fibrous structure prepared
from correspondi ng unnodi fied fibers. 20. The fibrous structure
of claim 19, wherein the fibrous structure has a bending nmodul us per

unit dry tensile that is at |east about 40% I ess than the bending

nodul us per unit dry tensile of a fibrous structure prepared from
correspondi ng unnodi fied fibers. 21. The fibrous structure of
claim 18, wherein the fibrous structure has a bendi ng nodul us per
unit dry tensile that is fromabout 30%to about 60% | ess than the
bendi ng nodul us per unit dry tensile of a fibrous structure prepared from

correspondi ng unnodi fied fibers. . 22. The fibrous structure of claim 18,
wherein the fibrous structure conprises nodi fied cellulosic fibers
having a dry zero span tensile index that is at |east about 20% | ess
than the dry zero span tensile index of the correspondi ng unnodi fi ed
cellulosic fibers. ' 84

23. The fibrous structure of claim 22, wherein the fibrous Structure
conpri ses nodi fied cellulosic fibers having a dry zero span tensile

index that is at | east



about 25% 1 ess than the dry zero span tensile index of the corresponding

unnodi fied cellulosic fibers. 24. The fibrous structure of claim18
wherei n tygogbgdki i ed fibers are selected from t he pairAIgPs/E@AST St i ng
of nodified northern, southern and tropical softwood Kraft pul ps;

nodi fied northern, southern and tropicaf- hardwood Kraft pul ps; nodified
northern, southern and tropical hardwood Sul fite pul ps; nodified northern,
sout her n arfimple polk i mads from NPKSpulpithat ipwpgdidied by thefollowingpresesseof . 25.

The fib f im 18, wher e ' : : '
modi 1 od_cel | ul o0tohpS ars B a0 et il bR e tA PR o oa°
Nor t hern Sqi:étxpﬁférﬁéaﬁt@& to 1200P 18 firditkEd QRtheLCALYH 413%f Chefyme@Reiutibed

Nor t hern rdwood Sulfite fibers, nodified Southern So.ftvvood Kraft
fibers, and1% wxdlumeswt addition of (Qaeazygme® 5.006 on bomé dryf pulp)ofes approxistately of

claim 18, wherein the fibrous ructure has,k g densit f, or I rOom about
0.04 g/cc tlo weeads ¥aa Igzhiel.n®?a}7{mxef ﬁfﬂsﬂmf%a%ﬂfge%?frml}% 18P pater, 26,
wherein th | br r ensy : u{;,0,05 g/ cc
o sbout 0.5y chE il BuBENS ACHEhAeto spproxipdtQMAPE kisa?” 2

handsheet GaRsdwdvenge ankizithal dddedio the enzymd/ watermikitiiee The etikingasteoff i ber s
has a dry tensile index that is at | east about 90% of the dry

tensil e i ndbg Lightain{® miser s irsrergech tnaphirvetconbpraus tyR Vs arshegitatipy off

t he correspondi unnodi,f i.ed | Lul psic fi R}
structure o eé’f"ﬁ’lg f'hu%,m&ﬁ@ggf%?%rﬁ?ﬁﬁg% @g{&gxgﬁgp slt ﬁ‘g“g eéggﬁt%ngl ‘ft(;ﬁ%f
the nmodi fi egz¢Rk! HaeBbf feriB8! Shd1asH ofitie t @RFIkBuIp @Ry Hatadjustal tbeast
about 5% greater than the dry tensile index of a correspondi ng
handsheet cappsiximately 10 with 0. kaeremal seditm hydraxide. chfteradp adigstamgntidavelf i ed

coll 051 € 1) 0958 ol sty D02 SRR 50 GEPRHbEELC

enzymes andygfhidd! A4E) i8S RBLnAhOPaIBSlurry to achieve a 5% add-on level
(wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more
minutes at 120°F. After 30 minutes mixing, the pH of the enzyme/pulp/ n-
Octadecenylsuccinate slurry is adjusted to pH 7 with 1 normal sulfuric acid. After
pH adjustment, 1.66g of zinc chloride (J.T. Baker, Phillipsburg, NJ) dissolved in 20
mL distilled water is added to the enzyme/pulp/ n-Octadecenylsuccinate slurry and
mixed for another 5 minutes at 120°F. At the end of the treatment, the pulp slurry is
quantitatively transferred and dewatered in.a Buchner funnel with filter paper. The
resulting modified pulp cake is then diluted to 2,000 mL with tap water and
disintegrated for 3,000 revolutions in a TAPPI Standard Desintigrator before
handsheet making.

Sample 10M is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed with 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin', Rochester, NY) in a 120°F water
bath. The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of

the Lightnin'® mixer is increased to achieve continuous turn over and agitation of



85 the conbination to react for a period sufficient to reduce the
dry zero span tensile index of the fibers by at |east about 35%
conpared with the dry zero span tensile index of the correspondi ng
unnodi fi edVQ@¥368810sic fibers and to reduce the wet peyosmpaasystensile
I ndex by at |east about 70% conpared with the wet zero span tensile
I ndex of the correspondi ng unnodi fied €81 ul osic fibers, wherein the

fibers are gt as artially bl eached. 31. The net hod of cl ai.m 30
wherein a m%ceré) jﬁ’ﬁﬂg's?ﬂ‘{,\ﬂ}%%d&(?rﬁ:%tﬁgf 6??‘?%‘5’&@5&%0“1 At thg, endhpt Hhsr e

cel lul ase epaXAmS rbartid | ot Bt I ' i}?&'}:?-' he

nmet hod of claim 31r, mgpg?ﬁnigeopHng?eﬁgnéx%@?@éé ongi ng’st %‘ﬁﬁﬁ%d ft-zém' |y

45 cl ass of appebxiniatede 40 ivethc@ irimoreal sodinim hytkoxidd.| AfespH atijusenent, 25 BB. The

met hod of cléi &;2 Vz,/\t//herei the aone_or nore enzynes includes the
endogl ucana®e 2E¢5\(Wt'vod), solutiqm, of msDederenylseqciniaty Disodivan Salt (paepasstionor nor e

cel lul ase e . C r oN&d,Stid.Ng (0of

Cel | ucl ast[g‘%}}5 , Ceoﬁlﬁ ilsrraé gcri? lf}%lftenrgg‘gFégfep[gelr _g’%cn V%_aéz% adﬂi‘%tlﬁyeés
thereof.  @&activd bieenniealveckirgffibet Basi) 38d alwwéEtortohtifud mb@@ fo?139 mtepended
in water to forma slurry having a consistency of at |east about

0. 5% by wei Biutes at3d20°F. THftere 3G gniinutes ohixing, 3b¢ phhefahe enzpme/palpbm-nor e
enzymes an ul osi .. fiber re, gl | owe Jeact for eriod
suf 1¥i ci ent dPégler%g'gﬁ %‘Lcc{%ge SE‘F’V ?eﬂdbusggﬂéﬂ pH 7awm’(’j}t’?é’ﬁ‘%‘filld %ﬁﬁﬁ‘a éﬁlgo‘ﬁkF%@ﬁ f Pber s
by at | eastadyineidbntiDAGE GFBAE eHlowdL (1 1. 10akel, P1ARBBurg, NI) disSitn ihoBThi © | ndex

of the correspondi ng unnodi fied fibers. for preparing

nodi fi ed cediptillegswater istaddes totthe emayntedmhl arPodesemdsuccinate shapndndhixgdone or
nore cel lul ase _enz s, cellulaosic fibers, and one or nore debondi n
agents, whe BAROPRES J dBinufes ﬁ@%?l%'be@ts'?‘ﬁre&daq%l G gaRs e ool sy e ’
one or nor i r dj for a
period suf ﬁl%iﬁ{edr??btazQ?agg%%fg@?ﬂ&elagvé@%g?%%s%ﬁﬂ%}e%?Saﬁln%fg% p%?&?@ef i bers

by at resiléng madified picderpated dihitdd the,000ymIewdthsppnwatenahd e | ndex

of the . . corr%sgongi ng unnodi fied cellulosic fibers and to reduce the
wet zero Sptgﬂntegratc or 3,000 revolutions in a TAPPI Standard Desintigrator before

handsheet making.

Sample 10N is made from NSK pulp that is modified by the following process:

The fibers are treated at approximately 3% starting consistency. Distilled
water preheated to 120°F is first mixed wifh 15 mL of a 2% Carezyme® solution
(1% volume/wt addition of Carezyme® 5.0 L on bone dry pulp) for approximately
15 seconds via a Lightnin'® lab mixer (Lightnin’, Rochester, NY) in a 120°F water
bath, The unmodified pulp cake is preheated to approximately 120°F via a
microwave oven and is then added to the enzyme/water mixture. The mixing rate of
the Lightnin'® mixer is increased to achieve continuous turn over and agitation of
the pulp shurry and allowed to react for approximately 1 hour. At the end of the
enzyme reaction period, the pH of the enzyme/pulp slurry is adjusted to
approximately 10 with 0.1 normal sodium hydroxide. After pH adjustment, 25 mL
of a 6% (wt/vol) solution of n-Dodecenylsuccinate Disodium Salt (preparation
described above) is added to the enzyme/pulp slurry to achieve a 5% add-on level
(wt active chemical/wt dry fiber basis) and allowed to continue mixing for 30 more
minutes at 120°F, After 30 minutes mixing, the pH of the enzyme/pulp/ n-
Dodecenylsuccinate slurry is adjusted to pH 7 with 1 normal sulfuric acid. After pH



86 tensile index by at |east about 70% conpared with the wet zero

span tensile I ndex of the correspondi ng unnodified cellulosic fibers,
wherei n tWwe skisbgis are at least partially bl eached. pcTafses/1198he
met hod of claim 37 wherein a m croorgani smwhich contains or produces
one .or nore cellulase enzynes is conbisyed with the cellulosic fibers. 39.

The nmethod of claim 37, wherein the one or nore enzyrres the cell %I osi c

fibers adJusamants hd58 ﬁ@cﬂﬁmﬁ’(ﬁ*@f&@tﬂﬁd BakeraBlilinsburgeNA) ‘{h&ﬁé‘ffdtlﬁ Peact for

a period ffi e x of the
fibers by B ‘B%@ cd wg'fef tg%%/g%zélﬁgeéﬁgé ﬂogc‘t ﬁglg'éécmzéelﬁlg %‘%ﬁ tensile
i ndex of t hgjxeaifbeafand 'SHﬂinutes at 1209PA¢ iHe éad ofltfé&fe‘étmentfhﬁe Fulg Sherywet hod of
claim 39, wherein the one or nore enzynes, the cellulosic ers and

[
the one or qmnttativelyrcinsfprradend dewateredlin@vﬁwbhner funeal (witlofilter papes. dde
sufficient to reduce the d ero e dex of..the f| ers ,by at

| east res‘ﬁB%tmﬁgjﬁic?H%Fé@ ‘ﬁ‘i“ﬁ‘f §e¢ E’E‘&W‘?’eﬁg’lw f @8y of the
cor respondi fgntegrated ﬁhmﬁgﬂjof fe‘jﬁu‘hbﬁ@ in-a TAlaPI Staﬁhﬁ-d”ﬁ%ﬁﬁﬁ'glﬁfor Cﬂ»e%r@‘ 37,
wherein the one~or nore bondi ng agents I's m xed

cel | ul osi ¢ Handshest makiog. t he fibers are reacted with the one or rmre
enzynes. 42. The nmethod of claim37 wherein the on nor.e gebondl ng

agents is TatderiOn gty enithe, results rofpibe sdryt zeg0 |saak tenst edf‘ di%e REPAInE ot
0.1% based §d%h§§ry\%r%és#le ratig, & oG i rehdif dﬁ%% {:ﬁlﬁgl' Gh %%35 welgﬁ%'of The

met hod of b € n one or nore

conbi ned W B 1¢W densityHaidsheetIamp)es madt. Mcah%é%éen&mthel%blé)maedmz?met he dry

wei ght of the nodified fibers.
modification of the fibers with Carezyme® followed by the debonder and salt

addition results in substantial reduction of the dry zero span tensile index (DZST) of
the NSK fibers while maintaining or improving the overall dry tensile index (DT) of
the sheet compared to the handsheet sampleé produced from unmodified control
fibers. In addition, the sheets produced from the modified fibers exhibit
substantially reduced bending modulus/dry tensile ratios versus the control sample.
The bending modulus/dry tensile ratio average for the handsheets produced from
Carezyme® and debonder and enzyme only modified fibers are 564 cm® and 673
cm?, respectively, which corresponds to an average reduction of 30.5% and 17.1%.
These reductions indicate improved flexibility and softness at equal caliper and dry

tensile strength with the preferred being the combination of Carezyme® and

debonder.
Table 10
Sample DZST| Bend. | % Bend| DT | DT |[Calipe] Basis
(description*) N m/g) Mod./DT Mod‘/l.)T T Wit.
Ratio reduction
(1/cm?) (g/in) (N |(mils)|(#/3000f]
m/g) t)
control NSK ** | 137.9 812 -- 1043] 1531 6.9 | 163
10A (0.5% Cz) | 146.2 704 133 1061} 154 | 79 | 164




44. The net hod of claim 37 wherein the oneé or nore debonding agents is
sel ected fromthe group consisting of saturated and unsat urated
fatty acids and fatty acid salts; al kenyl succinic _anhydrides a
al kenyl sWOIWBlaci ds; al kenyl succinate sal ts; 36’103(‘?/53?/1%?10- di -
and tri-esters; tertiary amnes and derjvatives thereof

87 am ne oxi des; quaternary amsrqes sili cone-b based conpunds;

parti cul at f rtrcorate ST T qat ey, an Tures §t her eof .

45.  The e 3 gég%fcﬁl ilﬁ&é/ v#er eifn bh8 cﬂolrﬁ)rlé-(énz@% 186} dnging to the

fanily 45—ct-asslef—edH-tased—-s—corbi-nbd—with—tHe—cetHul osi ¢
fibers. ZBOC(OS%eC@)e Hé8.1qf cTHI m 45]Meré1r8 tiéel prik8 gr 16 ¢ enzynes
i ncl udes tlte Atlegludanase EG\ Fhet-retHod—etcl ai m 37

wher ei n thfl@ll‘@l@%@@}ﬂ@&.m ul 2605 erfzypsa tné95 162 | B&lledseld |f rom t he

group consifsting of Celluclgstlerr] ! Cellugynelerr]lt Pergola [err], and
m xtures ”%E({i%cZ 48| 1108Me r@iehod ob3 el gi1ags N.6.8\Ne8.@i{N 16 |
suspended i A"ﬁﬁ@ %%@Uforma sl urry thaviing al congi stendy of at | east

about 0. 5%jby Wwel The ndgt hod off cl &i m 37, wher el nf#a sol ution

enzyme(s) ORORER L T8 e (fHerq. 2o IO TRE b o 17 382? ing'a

fibrous stfRXSuZaChavi g a censity gf not nmor et han ut 0.4 g/cc,

wher ei n t hg—fTbrous—stTucture CONpriSes fTed ce uiCSIC fibers
and wher ei f18Gi€1%iGs oup 144.8(ct U hgs 8175erél2 et &k |pd/-&urfit dry
n I nd nmodulfus per unit

tensil e t hdf%iBD8Za@akst abdut 30% lless t ha |

dr tenst-e—et—p—fbreous—strdet-te—f offeor+egpondi ng
unnodi fi ed HH0X€¢1%.Cz, 113.1 524 35.5 |[1401} 195} 8.1 | 171
1% ODS, CaCl,)

v
Tt ol ©

10I (1% Cz, 5% | 103.6 630 224 |1381) 192 78 | 172

ODS, CaCl,)
10J (1% Cz, 1%| 1082 | 603 257 |1344] 18.5] 82 | 173
DDS, CaCl,)
10K (1% Cz, | 113.0| 504 37.9 1539 21.0] 8.1 | 175
1% ODS, ZnCl,)
 N10L (1% Cz, 5% 103.5| 498 387 |1446| 199| 83 | 174
rons, ZnCl,)
10M (1% Cz, | 107.6| 529 349 (1443 199 8.1 | 17.3
5% DDS, ZnCl,)
10N (1%Cz, | 1094| 541 33.4 (1535 214 8.1 | 174

5% DDS, CaC,)

*:  Cz=Carezyme® 5.0L
CC=Celluclast® 1.5L
DDS = n-Dodecenylsuccinate Disodium Salt
ODS = n-Octadecenylsuccinate Disodium Salt
ZnCl, = Zinc Chloride
CaCl,= Calcium Chloride

**; Not an example of the present invention.



t he met hod conprising the steps of: , . creating the nodified fibers
by conbi ning one or nore cellul ase enzynes, cellulosic fibers,
and one oWOAS#iSE98debondi ng agents, wherein the cellul osic PCT/US98/11943f i bers
are allowed to react with the one or nore cellul ase enzynmes and the

one or nore debonding agents for a perigd sufficient to reduce the dry zero
span tensile index of the fibers by at |east about B Aged with
the dry zer 3Whatischimedis:e i ndex of the correspondl mmmmm,wﬁmﬂll ul osi ¢
fibers and to reduce the wet zero span tensile index by at |tast about 70%
conpared with the wet zero span tensile index of the correspondi ng

88 1. UnM@HlﬁéaegelﬁRJsicLﬁUé?s! ﬁavﬁdéjfrd?y z%%ﬁﬁ 'i!eﬁsﬂ'@ufdb?‘ilia‘i idhelealt | east

partially | eached formng t brous structure
from the nodb% leds thameﬂhs dry 28t spanmeslleedmﬁld tmrreepmdmgsmm@d@deceiluldw
fibrous strﬁﬁture has a bendi ng nodul us per unit dry tensile that is
at | east ab88t™35% | ess than the bendi ng nodul us per unit dry
tensile of a fibrous structure prepared from correspondi ng

unnodi fied fibers. 52. The met hod of claim 51, wherein the fibrous
structure h@s a bModifietgceliobsic fibers that exhitdt a watict oftidry zeson spanctetdilatindex tat

| east about 40% | ess th @3 nd| mpdul us per unit dry tensile
of a fi broué"eéf?rﬂépﬁﬁ'@n%gé'b&? G%f"r espondi ng unnodi fi ed
fibers. 53. The met hod of cla| m 50, wherein the fibrous structure has a
bendi ng nodul us per unit dry tensile that is from about 30%to about
60% | ess t h@n t h&@hbemutifie cellulosic ﬁmmwelamn otnﬁthaving at dnydeke spn tendilebr ous

structure pg d from correspondi unno fied fibers 54, The
7ot hod of oI, i i 45a8h 0% rlesse arviabiyias Ipashds % % lers o @ﬁé_{ivtzsrq@&et with
the one or ghsfe faki o S Eorfdpyitisy AMflodiiGs HIRIRE ABBe debonding agents for

4. The modified cellulosic fibers of Claim 1 characterized in that the fibers are
selected from the group consisting of modified northern, southern and tropical
softwood Kraft pulps, preferably the group consisting of modified Northern Softwood
Kraft fibers, modified Southern Softwood Kraft fibers, and mixtures thereof; modified
northern pulps, southern and tropical hardwood Kraft pulps; modified northern,
southern and tropical hardwood Sulfite pulps; and modified northern, southern and
tropical softwood Sulfite pulps; and mixtures thereof,

5. The modified cellulosic fibers of any of Claims 1-4 characterized in that the
modified fibers are prepared by combining one or more cellulase enzymes and cellulosic
fibers, and allowing the combination to react for a period sufficient to reduce the dry

zero span tensile index of the fibers by at least 35%.
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a period sufficient tor £ - 0 span tensile index of the fibers
by at | east about Tﬂnmmuwmjmh the dry zero span tensile index
of the  WO98/8838} espondi rRg unnodisi | @d #1 bers. 55. The PEEAUBSMI1843 c| ai m..
54, wherein the cellulosic fibers are allowed to react with t he one
or nore cellulase enzymes and the one og,nore debondi ng agents for a
period sufficient to reduce the dry zero span tensile index of the fibers

by at 6. easA fibibmust stdofire bavirey & density bf hitemobe\thared.d giqra chdracterided i ndex
0,12 o B e ety e e B
o1 84 1" BT naBE YRS a0 5P B9 el B RS e of
ot hern, e AN T opcal o Lnoac SUl T Lo Ul p. had Txt Ur os
t her eof . sstructurghas abending modulug pes uwit drycteasils thatds gﬁ@a&a(}%;@s Mﬁi ng
07706 based Bsding: MRLRC pbt it Wiy VAR G o SRS sbhorle iR WU,

met hod of cl edrréspandidpimhatifigdefibese or nore debondi ng agents is
conbined with the fibers at a level of at |east about 1% based on the dry

wei ght of the nodified fibers. 59. The net hod of cl aim50 wherein the
b . : Lag ) L
O o o o ShESH RIS el ST GHES. el WP ICARBAT "0

(@) o

of saturated ‘and unsaturate

al kenyl succtdthgrises iodifie @elluledi fibets hSHELA dhyCzer6 spbn; tensils dntdek thatde atniedst
salts; sorbitan nono-, di- and tri-esters, including stearates, palmtates,
ol eat es, 20% layss ipseferebly, atijeast 23V less,t than ithe Jryamera cspam tensie indexof ibe

t hereof; am | : . Ly. am sl nds;
par t1 oul at o ErugPebe pomedited HRGRC GRS AT A Rer dhatecfePRps RIBEnE RERRY
structure has a bending modulus per unit dry tensile that is at least 35% less, preferably
at least 40% less, than the bending modulus per unit dry tensile of a fibrous structure

prepared from corresponding unmodified fibers.

8. The fibrous structure of Claim 6 or 7 characterized in that the modified fibers
are selected from the group consisting of modified northern, southem and tropical
softwood Kraft pulps; modified northern, southern and tropical hardwood Kraft pulps;
modified northern, southern and tropical hardwood Sulfite pulps; modified northern,
southern and tropical softwood Sulfite pulps; and mixtures thereof.

9. The fibrous structure of any of Claims 6-8, characterized in that a handsheet
consisting essentially of the modified cellulosic fibers has a dry tensile index that is at
least 90% of the dry tensile index of a corresponding handsheet consisting essentially of
the corresponding unmodified cellulosic fibers, preferably a dry tensile index that is at
least 5% greater than the dry tensile index of a corresponding handsheet consisting

essentially of the corresponding unmodified cellulosic fibers.
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60. The method of clai m 50 or nore enzynes belonging to the
famly 45 cl ass of “ m nmbi ned with the cellul osic
fibers. W0.98/5698lne et ho vvherel n the one or rNECRUSYISAYIIBS

i ncl udes the endogl ucanase EG V. The net hod of claim50
wherein the one or nore cellul ase enzyngs are selected fromthe
group consisting of Celluclast[err], Celluzyne, Pergol ase[err], and

m xt ures tht@.eof A me€pd forTprepariighowdified cdellulosib (fjbevd,) cthei methbe dohipdstsgar e

suspended in er to forma slurry aV| ng a gonsis t | east
about 0. 5% FRM Vﬁﬂf’%h‘?"e or gnore ce'hﬁ'ésenﬁmﬁs c?%‘f‘ﬁ’ﬁ!ﬁo %e?‘@eﬂﬁ‘gw’%l‘?}f'i on
conpri si ng Jals i igpg the
enzyme(s) Wi the ntb Fl&g%rlacpe{xog sﬁfé!iﬂéﬂ?ﬁ) tedudeXhEBE 2Hrb Spart RnSiRTReR oF

the fibers by at least 35% compared with the dry zero span tensile index of the

corresponding unmodified fibers.

11.  The method of Claim 10 characterized in that a debonding agent is also reacted
with the fibers.

12.  The method of Claim 10 or 11, characterized in that one or more enzymes
belonging to the family 45 class of cellulases is combined with the cellulosic fibers,
preferably the one or more enzymes is selected from the group consisting of

endoglucanase EG V, Celluclast®, Celluzyme®, Pergolase®, and mixtures thereof.

13, The method of Claim 11, characterized in that the one or more debonding
agents is mixed with the cellulosic fibers after the fibers are reacted with the one or

MOore enzymes.

14, The method of Claim 11 or 13 characterized in that the one or more
debonding agents is combined with the fibers at a level of at least 1%, based on the
dry weight of the modified fibers.

15.  The method of Claim 11, 13 or 14 characterized in that the one or more
debonding agents is sefected from the group consisting of saturated and unsaturated
fatty acids and fatty acid salts; alkenyl succinic anhydrides; alkenyl succinic acids;
alkenyl succinate salts; sorbitan mono-, di- and tri-esters; tertiary amines and
derivatives thereof, amine oxides; quaternary amines; silicone-based compounds;

particulate clays; particulate silicates; and mixtures thereof.
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