;e3eWR. 6BT; H5 J UL 200z mo 991 34059 PCT/ US98126045 *GDOOOZ* 1 METHOD FOR
MAKI NG A CELLULCSI C \EB W | MPROVED WET- TENSI LE STRENGT gpanthzggz
Fiel'd This invention rel at es generjﬂ, mn’ummﬂm"ﬁn}sorbent Web an f or
preparing the nt web. More | t he i nvent s toa
cellulosic web&ﬁg ﬁ% i nproved wet -t ensdéobe2+rchar acteri sti csbgﬂg§ %@%%ds for
maki ng the sanme. 10 Background Cel |l ul osi c web-based products, such as hand
towel s, wipers, and the like, are widely manufactured in the paper naking

i ndustry. Each product has unique characteristics requiring appropriate
attributes. Theppopror MKING betaILevIs wee WimamtimerogcpheruensILsS ssrentmbl e for
its intended purpose. For many products, these attributes 15 include high
tensile strength and hi gh water absorbency. Tensile strength of cellul osic
webs is often neasured under dry conditions to determine "dry-tensile
strength”, and under wet conditions to determ ne "wet-tensile F strength".
Wet-tensil edstrength and dry-tensi| eTeshnicab¥ipldare of ten cl osely rel at ed.
Products having high dry-tensile strength frequently have high wet-tensile
strength. 20 The r el Bhif vertioprointes\gensrally ta/antabsrsbantwelr and agnethodrier wet - t ensi | e
strength occurs, in part, because certain manufacturing processes enhance
bot h properti es.prﬂﬁmngék%ﬂ*mrbe,nt pele Sdom garticdaslyl he owernsionediatesrtdecellviagic pressure
often inparts increased dry tensile and wet-tensile strengths. A cellulosic
web nust have adet bating dhpyovednstitbmsilstharoigtitticamd netiedsifor makieg the sartensi | e
strength. However, since cellulosic webs often deteriorate and | ose

v strength 15 J UL 202 WO 991 34059 PCTI US98126045 2 when wet, wet-tensile
strength is normally significantly |Iower than dry-tensile strength. Thus,
many cel | uhesi ¢ webs have i nadequate Beikgistindi | € strength, even though they
have adequate dry-tensile strength. Wiile a hand towel nust have sone
dry-tensile strengt hcell@ie vbbibade rodhdts, Buch bé R tdwelanipes, Midstadikarageous
because it correlates closely with stiffness and stiff webs. Hand towels

manuf act ured fr Qe inhdufWBRS iR EHe phRE AMALindstr. BAchip@aast hayukqRrsumers, since
the towel s do not have the soft feel of traditional cotton hand towels. In

contrast, CONSURRLft&BEsTEuiting Appiiiriate@R8bili&. Thé FOMH: RitriRG NGRS thit u@l | ows
nore vigorous use of the hand towel to pick up spills and scrub wet soiled

surfaces. 10 Tr agighitQh@iithtie fot I€nWRIca el ot tafNBbducR! mbandtpuel s is
i nproved by using increased pressure or a wet st rengt h resin. Wile these

net hods i ngs easg,de nBkensild @B hidhReatd 3k they usual ly al so
i ncrease the drynst reirll%teh ' For exaarrplgté1 t he aijdl \é}eon of CMC (car boxynet hyl

cel | ul ose) causes si EHsléﬁx%ﬂéthbﬂﬁéfhﬁ@ﬁ@vﬁcﬂs%&@B%eﬂ@kdhﬁ&@ﬁﬁ%eﬁ&%ﬁq'&y tensile

strengths. 15 The rel ations bet ween wet -tensi | dry tensile is often
expressed as a L p t this
di vi ded by dry- tdg{r‘is é Fﬁe’gﬁg’{g E&{ng‘ Satg%l 91% ewﬂo}?(gtlaﬁﬁ%oe%s e rgtétl tér%ng

“(wet-tensile val ug%w rwgmg,% 1@bvondlh od YRR ot Slréghe%ﬁg%e@a& ). The

wet/dry tensile ra o |s nor na an nce t ensile

strength is usug | f a & il e: s th. The
ratio is 20 pre]ﬁJer ﬂlgh&}&)l[%ﬁmie Sﬁgnsg r{glshg&%l cvée"tt 1e§tre§ Cates a
hi gh wet -t SI| strenthr Iat ve t n ul osi ¢ webs
with high e ) arpR pefier b "ie%Sry"F‘éSq% q?%gt}‘ Wetf{?‘léﬁeg&eggtqgc"h‘rsunL 2002 WO
991 34059 PCT/ US98| 2045 3 Ther ef a_need gﬁl st for z%{q roved

cel I ul osi ¢ web tH{Ht ohaEe W@‘H%‘f ‘érﬂgglpfoéeis?s’ oélhgoﬁe Pyhwet / dry
tensile ratio. Su ry of, the |Inventjo The‘aﬁgres*@t i nvention ovi des an
i nproved net hod FHFPIERRTSHES A°LBIFiE PERY %ﬁ}wr UG aften igwarts REEPSHEEY usi ng

the i nproved nethod. The nethod includes addition of surfactant and wet
strength resin ttensie H&iﬁ@‘ﬁk‘ efetethiini sh. The resul ting papernaking furnish
is formed into a cellulosic web that is dried in_accordance with
conventional paper mekieHyosiewpmsst havn adeapste dpdensilptirensts andadedipisdvest r engt h
10 properties. In a certain inplenentation, the finished web has i nproved
wet - t ensi | €5st r etpgilh stannelthaHowmr,@'meqjcew@lpsi@lwybstoéﬁsﬁldt@iore@qaind.losAstsqmgtbi fic

i npl ementation of the nmethod of the invention includes providing a

paper maki ng furnish containing a cellulosic material and water. Surfactant
is added to the papernmeking furnish. A resin is added to the
papermaking | 5 furnish after addition vﬁ\“ﬁ\ﬁ\h\ﬂ@ﬂ\ﬂ “mt ant. In a specific

i npl ementati on, the surfactant incl udes nate, such as the surfactant
Wtco 5l 75-26A, sold by the Wtco Chenical €850l | owing addition of the
surfactant, the cellulosic material is renoved fromthe papermnaking furnish
to forma cellulosic web. A hi gh percentage of the wet strength resin that
was added to the papernmaking furnish is retained by the 20 cellul osic web.
FinaIIy, the ceIIuI05|c meb |s drled and forned |nto flnlshed products

—— o o, M. o - o, = -



5 invention to particul ar enbodi nents described. On the contrary, the
intention is to cover nodifications, equivalents, and alter nthVggE?ﬂd[]%g
within the spirit and scope of the invention as defined by the appende
clains. Detail ggoblepsy i ption 10 The present invention is dipcggbdeds® an

i nproved nethod for making a cellulosic web, as well as a web nade using
the i nproved nethod. The nethod includes addition of surfactant and wet
strength resin to a papernmaking furnish. jhe resulting papermaki ng furnish
is formed into a cellulosic web. This web is subsequently dried in

accordance with L.onal: -gﬂ&hlg -ﬁgg@!, S5 fini.shed web has

i nproved strengtﬁgﬁﬁﬁg&e?%g%{egﬁgg{héxanp g}:%ﬁnﬁro elgw\}\prglt]%ltdé%ﬁl%% strength

and an i nproved -1 epsi.| . [ jle strength ratio (wet/dry

tensile ratio). Xf}%égtfrlre S’d%f‘gr?;c{eg@g;slpg%bg\??‘; |"ﬁ§élg§l%%£%?e§r%gal% S%ﬁngfhu FAT'sh

containing a cellulosic.material .and water. The cellulosic material is, for
thougg eBreny

exanpl e, Nort her ben RSP IoB R ARF O RERRFD- cheni - t her mo- mechani cal pul p

(CTWMP), natural redwqgod. ( Mobi | e Pi ne ( , .or a recycled wqod fi ber,
such as bl eached rem ‘E&Rh(\é%‘*ﬁo&’%l Rsthave §9 .'zens%ﬁtrﬁ“g@’ g‘gbéﬂfzte 991 34059
PCT/ US98/ 26045 5 Surfactant is added to the paperpmaking furnish and a wet
strength resin i %reagiyean bsdisadvaptageorsRerauscoih costelates glosgly Wg]ﬁtgﬁ‘tss.s aptheHt an
appropriate surfactant is added to the papermaking furnish, the quantity of
wet - strengt h r esWepsaHardbtoyels maenfactired fsem sl webs agrecgived with disfaeas Wi t hout
sacrificing wet-tensile strength. Wen even very 5 | ow | evel s of surfactant
are added) mar keebneumeas sinerethe towels de pat hoyerthe sofidee] of tditiopal cottonthandhe resul ti ng
web are observed. In some such inplenentations, the wet-tensile strength

i ncreases si gni fiowelnt [ycamtradt.eonsumend dysine bigbiwettentile smepeth, bkeause #sbews Thi s
resulting cellulosic web shows inproved softness and wet-strength
properties. Wi | mokhigopuesent the harelrowea o pick wpoepills amd dcad wed s@led pefacdsi C
surfactant, one 10 appropriate surfactant is Wtco 5175-26A, manufactured
by the Wt cld CheTiadiébnaly, thaNétaensielsfiongliosf Hatndlowells $s impmiverhibyf using ridcreastddf onat e
conponent. Preferred surfactants include an anionic al kyl sulfate or

ani oni ¢ al kyl suptgtebea verspedenesin AWbiptheds Inetiods ineredsa fHesvek siechgtdlef W t co
EP-5327-97 and EP-5293-150, al so nanufactured by the Wtco Chem cal Co. In
addition to the mshaditewad, kel usidily slsccinGeasathie diyi strenpltk VHor &banspid, thenat e
conponent, the surfactant may include other wetting agents to inprove water
conpati bi l ity anghdatosof ORI arbékybyl deid@sse) chhigs sipifiédnt Meredsesbbcietnt added
to the papernmaking furnish is between 0.1 and 10.0 pounds per ton of

cel | ul osi c mat er {eadile ahd\dr§ REGi skebngtt¥pl ement ati ons, the quantity is from0.5
to 5.0 pounds per ton. In yet another inplenentation, the 20 quantity is
between 0. 51;and 2.5 pirstioR@ip BebieeR veCtehdilb hiRiSdré-1d¥Eileas bftth exprBRedsant ity is
.approximately 1.0 pounds per ton in specific inplenmentations in which the
‘cel I 'ul osi ¢ mat er {ealilelsBerdft AR tnWhidtKichdiRfrdheth is difiadd- by &P4en\i2 R 059
PCTNS98/ 26D45 6 Fol | owi ng addition of the surfactant, a wet strength resin

i s added to the RAREHERKIRPhMRRDIweHBRIVGAaSH hEAGHDr, BESERIPVAY Hes a
bi ndi ng force securing the cellulosic web when wet. The wet-strength resin

is preferably wa I i : i I : .
polyanide-epichIg%%ﬁ?%kﬁgTﬁggﬁﬁg§gﬂ%ﬁrg§§%ﬂ%@gﬂgg#g%gyssﬂﬂg?gﬂvgs

| ncor porated of W |.m ANEH: I i »o7H and
Kynene 2064. Thegégggggﬁgn$ﬁﬁﬁhde I%ﬁﬁﬁ@%%&&ﬁ@%caéggﬂFggo ﬂﬁéggﬁﬁgggng
reactive fugctiona oups, . including e m.ng aroups. . Th
wet - st rengt resPWkelr%’Eyaﬁﬁg)ae {39 agp?silt%%’ %‘ch)é% @glgfﬁgs@}ﬁ& aﬂﬁ'lu ﬁ?)mﬁrcl)%}ﬁds per
ton of cellulosic naterjal. Wile t onpl et e .pechani sm.of .t h resent
venti on i 5 10 T g eanliaregb P TR e SR Ty B g o 1t i s
believed that the addition of the surfactant to the papernmaking fornulation
provi des great er S48 B&Hcy or functionality of the wet-strength resin. The
i nproved absorbency or functionality of the wet-strength resin allows for
use of reduced wet-strength resin. After addition of the surfactant and
wet-strength resin, the cellulosic material 15 is renoved fromthe
papermaki ng furnish to forma cellulosic web. A high percentage of the wet
strength resin added to the papernmaking furnish is retained by the
cellulosic material as the cellulosic web is formed. In specific

i npl enentations, at |east 80 percent of the wet strength resin is secured
to the cellulosic web. The cellulosic web is then dried and fornmed into
fini shed products, such as hand towels. 20 The resulting cellul osic web has
i nproved wet-tensile strength as well as an inproved ratio of wet-tensile
strength to dry-tensile strength . Referring now to the 15 JUL 2fl Q2 WO
99/ 34059 PCT/ US98/ 26045 t abl es produced bel ow, exanple formul ati ons of

I I T [ T T 1 e o . L T T T o o




WO 991 34059 PCTN598/ 26045 Table | A: Addition of Surfactant f Iéoﬂ% \ﬁet
Strength Resin to NSWK feed stock. Formnul ati onl1234SFeed U

St 0ck NSWKNSVKNSWKNSWKNSVKFi r st Addi ti veWSRWIcoW t coW t coW t coFtrst Additi ve
Dose (1Db. /ton)@gégsﬁgsgSecond Addi ti ve- WBRWERWERWSRSecond Addifiisendeese (1 b
lton)----1010101 Dry tensil el8. 6517. 671 7. 421 8 6914. 74Change
Dry-tensile----- .3- 6.6+ 0 2- 21 OWet-tensilel. 853.293 OS2 861 52Change
Wet-tensile----+ 77 8+ 64. 9+ 5A.6- 17.8Wef-tensile / Dry-tensile Ratio0.100
190. 190. 150. 10l nprovenent in Wet-tensile | Dry- tensile Rati o

(percent)----9090500y ] engt h
resin Wtco = Surfact izl}g%%coanrygq %}){Eﬁ%ﬁgéﬁ%ﬁbﬁ%ﬂce@% éyfgh%

Chem cal Co., | d..under e t.C 5- 26A Fi rst Addl tive Dose and
Second Addi tlveq 1sleeStra“’n%harrrgiaas ‘)d/\%?'tengﬂe‘lé ‘'of additive to pound of feed

stock. Table 1 A shows that add|t| on of a surfactant prior to addition of
the wet strength resin results in an increase in wet-tensile strength and
an increase in the wet/dry tensile ratlo vvhen aBplled to NSWK feed stock.
Forrmul ation |, which is the contr rfactant was added, has a
signifi cantly | ower wet/dry tensile ratio and | ower wet-tensile strength
than fornul &tions 2, The presentdpyention proyidemansipprayed mgthpdifor makingp ellglosie 75- 26A
was added first. 15 J U L 2002 WO 99/ 34059 PCTNS98/ 26045 9 Table 1B:

Addi tion of Wet v&Bbrasisllias mwsh madegising fhs dmprgvedundthadt Ihe method\igvirdeseedst ock 5
For mul ati on1234SFeed

© St 0k NSWKNSVKNS\ARMEmKeSvikictankand gt stiensty\BRASRVBRASRWBRAImish. Thddesuliisg Dose
(I'b./ton) 10101 O 010Second Additive--- -Wt cth coWtcoW I coSecond Additive
Dose (Ib /ton) - -phpEmhedngfutnishds ool i@b k 6clkBic2@h 4ha?Bldgedlib @Gbandgece with
Dry-tensile----- 12.1- 18 5- 21 1-

27. 9\t - t ensi | elcoBEiti@allBpd 2vkidg Wehaig e fintskdsyeb das imprd@@st28gth- 314- 33. 0t
-tensile /| Dry-tensile Ratio0.100 090.080.090. 091 nprovenent in Wt-tensile
| Dry-tensilbe Rairépertiepclhaeertain implenibtati@y; the GinishedveblBuKinmprdved tvkreemsilSof t wood
Kraft WBR = Wet strength resin Wtco = Surfactant containing sulfonate
manuf act ured by sWédgfiDaridhe isiaved GRY/dry Sambitk ratiwder t he name Wtco 5175- 26A
First Additive Dose and Second Additive Dose are neasured in pounds of

addi tive to pound of Afspedfisiin@ihentdtédnlof tht Brethol 0fthe hWwpdiof thcWidédprdadihe | A,
denonstrates the inportance of adding surfactant prior to adding the wet
strength resin topapkoikkifiefehishtoftinink A cdifldsk matdBial dnldevatedr SaHaatntans have a
first additive of the wet strength resin and a second additive of the Wtco
5175- 26A sur f actanéd to GRIPRSYHELkitefuinh MHIvak btAsth kdsPITy ddded BRhEpaperaldsig Ng t he
same dosage and different order of addition, the formulations in Table 1 B

have si gni fiiscantfish Qneadd¥Bbm dfeibSsutfgtant, 118 agpéalmmqpmmx{tdron thefigabtantr at i 0s.
15 J UL 202 WD 9913A059 10 Tabl e 2A PCT/ US9$126045 For nul ati on12345Feed

"St 0¢k NSWKNSWKNSVKINRIAK NG EAtE, ShehAd dietshrva%mt&&wslzs&\%mocg\ﬁtwﬁw st Additive

Dose (1b,/ton)2013510Second Additive---- RWBRWERSecond Additive Dose
(!'b./ton)---- 202@1%%&%&{ mllawg%ééin&%lf%w%ﬂf%tﬁ%? ki ol s Sl e
Dry-tensile----- -tensil e2. 653 222. 793 633. 0l Change

Wet -tensile-- /
Reti 0. 202528. 28%55\?‘5%?%\1}@%%%%%&% tmlngelﬁté’ el oSy gﬁ"supl‘h'gtﬁeg?c"“‘ag°

(percent)-- 25404&:](he§vé\|§¥gﬁgfﬁ R thg%agad%gé EWQ@&le gl %ne\%b?%@gt h

resin Wtco = Surfactan ntal ni ng sulfonate manu#1 cture
Chem cal . sol d under, t e Dose and
Second Addi 0|ve ﬂ‘sﬂé’slgr%(%b'nﬁérg%g%ggcewﬂoggﬁ% %n%ﬁé%gé&gn x{Atglﬁiﬁlghc‘%nd of feed
stock. Table 2A sh n|f| r e in tenS|Ie atios in
fornul ations 2, ‘?%S a%laB‘gﬁﬁ’glF eﬁﬁ“trﬁs Pé?“glﬁmfegﬁ%t &I &P Ace i n
the formul ati ons | t hat a surfact 7 not used in fornmulation 1, but
was used in for nﬁﬁ‘&et“uaéﬁ%m?m‘t% thﬁweg?fw%’s‘“ati% J UL 2002 WD 991 34059 11
Tabl e 2B PCT/ US98/ 26045 For nmul ati on1234. 5Feed

St 0c kK NSVWKNSWKNSVWKNSVKNSVKFi r st Addi t i veWSRWERWSRWSRWERFi r st Addi ti ve Dose
(I'b./ton)2020202020SecondAddi tl ve----WtcoWtcoWtcoWtcoSecond Additive
Dose (Ib Iton)----13510Dry-tensilel3.1313.6712.7113.131 1.42Change
Dry-tensile----4.1- 3.20-13.0Wet-tensil e2 653.022. 843. 332 40Change
Wet-tensile----44 27.225 7- 9 4Wet-tensile | Dry-tensile

Rati 0. 20. 22. 2225211 nprovenent in Wet-tensile / Dry-tensile Ratio
(percent)---1010255 NSWK = Northern Softwood Kraft WBR = Wet strength resin
Wtco = Surfactant containing sul fonate manufactured by Wtco Chem cal Co.,
sol d under the name Wtco 5175-26A First Additive Dose and Second Additive
Dose are neasured in pounds of additive to pound of feed stock. The

for rrul at| ons of Tabl e ZB corrpared to the for rrul at| ons of Table 2A, show

2 1. o Y I DY R - .: M Y . B o I Y e - e



~ 5 JUL 202 WD 99/ 34059 . PCT/ US98126045 13 Tabl e 3B: Addition of Wt
Strength Resin followed by Surfactant to Bl eached Recycl ed O‘filcﬁa,_‘]‘@sLQUOZ
Fi ber Feed Stock Fornmul at Lont 2345Feed St ock ROROROCAOROFI r st

Addi t i veWSRW\S IWBRFi rst Additive Dose (1b,/ton)202020%Q33R563e0d
Additive---WtcoWtcoWtcoWtcoSecond Additive Dose (Ib
/ton)---13510Dry-tensilell 0411 7511. S 511 951 | .28/. Change
Dry-tensile---+ 6.4+ 4.6+ 8.2+ 2 2Wt-tengilel. 201 781. 161. 351. | 4Change
Wet-tensile--48 8- 3 312.5- 5 OWet-tensile / Dry- tenS|Ie Ratio0.! 10 IS0
100 110. 10l nprovenen er cent 36- 91 9
RO = bl eached recyclter Q?%O?%uexﬁrg OHE ex“b\%&%n‘g@ “ndeélt:) %Scnb Z’%h

Surfactant cont f f t ur ed d
inder the nan. WEHH TR IRR" &ﬁtﬁﬂﬁr‘e‘%éﬁ‘eﬁe %%*y@t%%av%ﬂ%ﬁausmﬁﬁlﬁ VZ"Dose

are neasured in pounds of, additive to nd of ile the
present inventio Vﬁ‘é@‘sﬂé’gﬁﬁﬁé’é’éﬂdﬁg&%ﬁ&?ﬁ ‘T"é'fsg‘?‘c H’E‘ efeBP%’ﬁV@g feripedifti cul ar

i npl enentations, those skilled in the art w recogni ze that nmany changes
may be made her efeililtherld b%i‘é‘ﬂﬁ’islopﬁ*ré‘°’f"%l‘i%ﬂt“h@e %WIP‘% isgAdo dpddke of t he
present 10 inventi on. 15 JUL 2'002 14 | CLAIM 1. A nethod of inproving
the wet-tendi| e Bvensagtopagicular eehodimentsidescrifed, Opthe captrany dhedptepionds tag:
providing a papermaking furnish containing a cellulosic material and water;
addi ng a surf act eaver roryideanonsy erivelarts, gndalisrmeidves fadlingrwjthsf the spidl aeg beopeil f onat e
or an alkyl sulfate to the papernmaking furnish; and adding a wet strength
resin to the papefrthmihi/emgorfurdqﬁuﬂdbaftheelppmd‘tﬁoﬁdimn of the surfactant. 2. The
met hod of inproving the wet-tensile strength of a cellulosic web according
to claim1, wherein the wet-strength resin is added at a rate of between
5.0 (2.3 kg) and 25.0 pounds (11 kg) per ton of cellulosic material. 3. The
met hod according to claim1, wherei Detallal Bestfigtivnant i s added at a rate of

| ess than about 10 pounds (4.5 kg) per tan of cellulosic material. 4. The
met hod accorodi ng t o cithaipfeseht invdigioRisrdirediel t6 ui ingedvet inethsd addadingh a rate of

| ess than about 5 pounds (2.3 kg) per ton of cellulosic material. 5. The
met hod accor di ngcdliflosit &eWad weNied wibthade REingHe Indré @A netind aTREHethed t he
papermaki ng furnish at a rate of between 0.5 (0.23 kg) and 5 pounds (2.3

kg) per ton of cabhids@adifordBHsaificahi andRdt deRstNREIn$d 4 SpeintAking Sirhish. STrRdded at
a rate of 0.5 (0.23 kg) to 15 pounds (6.8 kg) per ton of cellulosic

material. 6. A nrbhck SberiBhORIMIG it RemdEhnla@BIRidsR Wb anBtwebef a cel lul osic
web, the nethod conpr|3|ng provi di ng a papernmaki ng furni sh containing a

cel lul'osic mater Lakeqas \&ﬁ&&hac@etﬁh&gmﬁa%metﬁbn& papdrOnakhg fkihodfidrpe. O pounds
(2.3 kg) of a surfact an%l chosen fromthe group consisting of an al kyl

sul fonate ofs an ghieh wabl histhBroved Maﬁgtpafagerr{@kﬂoﬁ&a&ygemhfprbv@@cvcttt%19f

cellulosic material; and addi ng between and 25.0 pounds ( 11.3
kg) of a wet strangtil ;h@s ithptRed HE-DARSIRYH R -Eé'hﬂle%ﬂ fiOfwedfi
cellulosic materi al Eafter agdl ?lg t he surfact ant& e&g{ral gY)Z r|ys 7. The
nmet hod accordi ng e'hBle%tﬂogm 6, wherein the paper maki ng fur n| sh conpri ses

fi bers sel ect ed rom-t group consisting of northern softwood kraft,

bl eached recycled fi bgy l.

chem cal -t her no- rrechanl & ‘dﬂ;ﬁ QS;&%‘E@%E %r n so?ﬁ/\molg)%c el mga%u“lB\Slrret hod
of |rrprOV|ngther f wet th t [ nsid trength of a
cel lul osic web, & enal ﬁw <% Thercagl;loﬁw ma&rﬁﬂg P exgma&p’xhoe‘tr%ﬁ%%oﬁg qfour ni sh of

cConsisting &1 ar @ﬂ@%ﬁf@%ﬁaf@%' ”Ewaz{faiw‘?i%ﬂ?%% Bl ”%ffgoﬁl%é}?ﬁaﬂ ng

furni sh; and addl we tre th reS| to the r n rnish after
addi tion of the ! B’t”ﬁh\dﬁ ‘é"c}?dt“'ﬁ fﬁ%ﬁr’lsgc %&Eﬁ’ ‘?geﬁ%ﬁl cte“@ﬁtﬁth to
dry-tensile stren%th is greater than 0.20. 9. The nmethod of inproving the
ratio of wet-tendiPfle strength to dry-tensile strength of a cellulosic web
according to claim@8, wherein the ratio of wet-tensile strength to
dry-tensile strength is greater than 0.50. 10. A nethod of inproving the
ratio of wet-tensile strength to dry-tensile strength of a cellul osic web,
the nethod conprising: providing a cellulosic material; conbining the
cellulosic material with water to form a papernaki ng furnish; adding
between O. s (0.23 kg) and s.0 pounds (2.3 kg) of a surfactant chosen from
the group consisting of an al kyl sulfonate or an al kyl sulfate per ton of
cellulosic material to the papernmaking furnish; and after adding the
surfactant, adding between s.0 (2.3 kg) and 2s pounds (11.3 kg) of wet
strength resin per ton of cellulosic material to the papernaking furnish.
11. The method of claim 10, wherein the web is fornmed by a through dried
process mnthout creplng 12 The nethod of cIa|n110 wherein the web is

Y
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The quantity of surfactant added to the papermaking furnish is between 0.1

and 10.0 pounds per ton of cellulosic material. In specific implementations, the
quantity is from 0.5 to 5.0 pounds per ton. In yet another implementation, the

20 quantity is between 0.5 and 2.5 pounds per ton of cellulosic material. The quantity
is approximately 1.0 pounds per ton in specific implementations in which the

cellulosic material is primarily NSWK fibers.
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papermaking furnish. The wet-strength resin provides a binding force securing the
cellulosic web when wet. The wet-strength resin is preferably water soluble.
Suitable resins include polyamide-epichlorohydrin resins such as those sold by
5 Hercules Incorporated of Wilmington, Delaware, under the brand name Kymene
557H and Kymene 2064. These resins include low molecular weight polymers
having reactive functional groups, including epoxy and amino groups.
The wet-strength resin is added at a rate of between 5.0 and 30.0 pounds per
ton of cellulosic material. While the complete mechanism of the present invention is
10 not fully understood, without limiting the invention, it is believed that the addition
of the surfactant to the papermaking formulation provides greater absorbency or
functionality of the wet-strength resin. The improved absorbency or functionality of
the wet-strength resin allows for use of reduced wet-strength resin.
After addition of the surfactant and wet-strength resin, the cellulosic material
15 is removed from the papermaking furnish to form a cellulosic web. A high
percentage of the wet strength resin added to the papermaking furnish is retained by
the cellulosic material as the cellulosic web is formed. In specific implementations,
at least 80 percent of the wet strength resin is secured to the cellulosic web. The
cellulosic web is then dried and formed into finished products, such as hand towels,
20 The resulting cellulosic web has improved wet-tensile strength as well as an

improved ratio of wet-tensile strength to dry-tensile strength . Referring now to the
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5 formulation. In producing each formulation, a cellulosic fiber feed stock was added
and mixed with water to form a papermaking formulation. A surfactant and wet
strength resin were sequentially added (in the orders, as indicated). A cellulosic web
formed from the papermaking formulation was dried, and the resulting dried web
was tested for wet-tensile strength and dry-tensile strength according to paper testing

10 methods on Instron and Twing-Albert tensile testing instruments.
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First Additive Dose (ib./ton) 10 1 3 5 10

Second Additive — WSR WSR WSR WSR

Second Additive Dose (Ib /ton) -~ 10 10 10 10

Dry-tensile 18.65 17.67 17.42 18 69 14,74

% Change Dry-tensile - -53 -6.6 +02 -210

Wet-tensile 1.85 329 305 286 152

% Change Wet-tensile ———- +778 +64.9 +54.6 -17.8

Wetstensile / Dry-tensile Ratio 0.10 019 0.19 0.15 0.10

Improvement in Wet-tensife / - 90 90 50 0

Dry-tensile Ratio (percent)

NSWK = Northern Softwood Kraft

WSR = Wet strength resin

Witco = Surfactant containing sulfonate manufactured by Witco Chemical Co., sold
under the name Witco 5175-26A

First Additive Dose and Second Additive Dose are measured in pounds of additive
to pound of feed stock.

Table 1A shows that addition of a surfactant prior to addition of the wet-
strength resin results in an increase in wet-tensile strength and an increase in the
wet/dry tensile ratio when applied to NSWK feed stock. Formulation 1, which is the
control in which no surfactant was added, has a significantly lower wet/dry tensile

ratio and lower wet-tensile strength than formulations 2, 3, 4, and 5, in which the

surfactant Witco 5175-26A was added first.
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X1095) S& () - Table 1B: Addition of Wet Strength Resin followed

by Surfactant to NSWK Feedstock

Formulation 1 2 3 4 3
Feed Stock NSWK NSWK NSWK NSWK NSWK
First Additive WSR WSR WSR WSR WSR
First Additive Dose (1b./ton) 10 10 10 10 10
Second Additive - Witco Witco Witco Witco
Second Additive Dose (Ib /ton) -— 1 3 5 10
Dry-tensile 18 65 16.4 1520 14.72 1345
% Change Dry-tensile - =121 -185 =211 -279
Wet-tensile 1.85 1.52 132 127 1.24
% Change Wet-tensile e -178 -28.6 -314 -33.0
Wet-tensile / Dry-tensile Ratio 0.10 009 0.08 0.09 0.09
Improvement in Wet-tensile / ——- -10 =20 -10 -10
Dry-tensile Ratio (percent)

NSWK = Northern Softwood Kraft

WSR = Wet strength resin

Witco = Surfactant containing sulfonate manufactured by Witco Chemical Co., sold
under the name Witco 5175-26A

First Additive Dose and Second Additive Dose are measured in pounds of additive
to pound of feed stock.

Table 1B, when compared with Table 1A, demonstrates the importance of
adding surfactant prior to adding the wet strength resin to NSWK feed stock. In
Table 1B, the formulations have a first additive of the wet strength resin and a
second additive of the Witco 5175-26A surfactant. Compared to formulations from

10 Table 1A using the same dosage and different order of addition, the formulations in

Table 1B have significantly lower wet-tensile strength and wet/dry tensile ratios.
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Table 2A

Formulation 1 2 3 4 5
Feed Stock NSWK NSWK NSWK NSWK NSWK
First Additive WSR Witco Witco Witco Witco
First Additive Dose (Ib./ton) 20 1 3 5 10
Second Additive [ WSR WSR WSR WSR
Second Additive Dose (1b./ton) e 20 20 20 20
Dry-tensile 13.13 13.08 12.80 12,97 12 87
% Change Dry-tensile e -04 -25 -1.2 -20
Wet-tensile 2.65 322 2.79 363 3.01
% Change Wet-tensile - 215 53 37.0 13.6
Wet-tensile / Dry-tensile Ratio 20 25 28 28 23
Improvement in Wet-tensile / —— 25 40 40 15
Dry-tensite Ratio (percent)

NSWK = Northern Softwood Kraft

WSR = Wet strength resin

Witco = Surfactant containing sulfonate manufactured by Witco Chemical Co., sold
under the name Witco 5175-26A

First Additive Dose and Second Additive Dose are measured in pounds of additive
to pound of feed stock.

Table 2A shows significant increase in the wet/dry tensile ratios in
formulations 2, 3, 4, and 5 compared to formulation 1. The difference in the
formulations is that a surfactant was not used in formulation 1, but was used in

formulations 2, 3, 4, and 5.
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Wet-tensile / Dry-tensile Ratio 20 22 22 25 21
Improvement in Wet-tensile / . 10 10 25 5
Dry-tensile Ratio (percent)

NSWK = Northern Softwood Kraft

WSR = Wet strength resin

Witco = Surfactant containing sulfonate manufactured by Witco Chemical Co., sold
under the name Witco 5175-26A

First Additive Dose and Second Additive Dose are measured in pounds of additive
to pound of feed stock.

The formulations of Table 2B, compared to the formulations of Table 2A,
show that order of addition of the surfactant containing a sulfonate influences the
wet/dry tensile ratios, and that the ratio is improved by adding the wet-strength resin

- after addition of the surfactant.
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Tables 3A and 3B show that even very low levels of surfactant can

dramatically increase the wet-tensile strength of recycled office waste fiber feed

stock.
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Table 3B: Addition of Wet Strength Resin followed by
Surfactant to Bleached Recycled Office Waste Fiber Feed Stock

Formulation 1 2 3 4 5
Feed Stock RO RO RO RO RO
First Additive WSR WSR WSR WSR WSR
First Additive Dose (Ib./ton) 20 20 20 20 20
Second Additive - Witco Witco Witco Witco
Second Additive Dose (Ib /ton) —— 1 3 5 10
Dry-tensile 1104 1175 11.55 1195 11.28
% Change Dry-tensile -nen +6.4 +4.6 +8.2 +22
Wet-tensile 120 178 1.16 135 1.14
% Change Wet-tensile - 488 -33 12.5 -50
Wet-tensile / Dry-tensile Ratio 0.11 015 010 01] 0.10
Improvement in Wet-tensile / —- 36 -9 1 -9
Dry-tensile Ratlo (Percent)

RO = bleached recycled office waste fiber

WSR = Wet strength resin

Witco = Surfactant containing sulfonate manufactured by Witco Chemical Co., sold
under the name Witco 5175-26A

First Additive Dose and Second Additive Dose are measured in pounds of additive

5 to pound of feed stock.
‘While the present invention has been described with reference to several
particular implementations, those skilled in the art will recognize that many changes

may be made hereto without departing form the spirit and scope of the present

10 invention.
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I CLAIM:

1. A method of improving the wet-tensile strength of a cellulosic web, the
method comprising:

providing a papermaking furnish containing a cellulosic material and water;

adding a surfactant chosen from the group consisting of an alkyl sulfonate or an
alkyl sulfate to the papermaking furnish; and

adding a wet strength resin to the papermaking furnish after addition of the
surfactant.

2. The method of improving the wet-tensile strength of a cellulosic web
according to claim 1, wherein the wet-strength resin is added at a rate of between 5.0

(2.3 kg) and 25.0 pounds (11 kg) per ton of cellulosic material.

3. The method according to claim 1, wherein the surfactant is added at a

rate of less than about 10 pounds (4.5 kg) per ton of cellulosic material.

4. The method according to claim 1, wherein the surfactant is added at a

rate of less than about 5 pounds (2.3 kg) per ton of cellulosic material.

5. The method according to claim 1, wherein:

the surfactant is added to the papermaking furnish at a rate of between 0.5
(0.23 kg) and 5 pounds (2.3 kg) per ton of cellulosic material; and

the wet strength resin is added at a rate of 0.5 (0.23 kg) to 15 pounds (6.8 kg) per

ton of cellulosic material.

6. A method of improving the wet-tensile strength of a cellulosic web, the
method comprising:

providing a papermaking furnish containing a cellulosic material and water;

adding between 0.5 (0.23 kg) and 5.0 pounds (2.3 kg) of a surfactant chosen
from the group consisting of an alkyl sulfonate or an alkyl sulfate to the papermaking
furnish per ton of cellulosic material; and

adding between 5.0 (2.3 kg) and 25.0 pounds (11.3 kg) of a wet strength resin to

the papermaking furnish per ton of cellulosic material after adding the surfactant.
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of wet strength resin per ton of cellulosic material to the papermaking furnish.

11. The method of claim 10, wherein the web is formed by a through dried

process without creping.

12. The method of claim 10, wherein the web is formed by wet press and

crepe transfer technique.



