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Resumen’

Un compuesto que incluye un polimero reactivo a la celulosa que sea soluble en agua, catiénico y

termo fraguado con una columna de doble estructura que es la reaccidn producto de: (a) un

componente copolimenzado (1) archilamida, (n) un componente co-mondmero catidnico y (1) por lo

menos un componente mondmero de enlace cruzado multifuncional y (b) un componente agente

reactivo a la celulosa, en el cual el componente archilamida, el componente co-mondémero de enlace

cruzado multifuncional y el componente agente reactivo a la celulosa se encuentran en cantidad

suficiente para producir un polimero que proporcione fortaleza a un sustrato fibroso cuando el

polimero se agrega al papel durante su proceso de fabncacién. El invento también se relaciona con

métodos para fabricar y utilizar dicho compuesto.
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NOTAS AL FORMATO PCTASA220
Mo fodis cetdn bisadss e jos requerimientos del Tratado die Coppernciin de Patentes, bs Regulaciones de Insruccions

Adaingstratives bajo ¢l Tratadd. Fn casu b discrepiiein enfre eas No bndas y esos requerinscstos. los blimos seoin lox
biplicables. Para mds informacion defallads, ver Uitbien 1a vid det solicitdnte PCT forma une publicarion de wipe.

7

- Fin etos Ntds, "Avdeuly.” "Regla” ¥ "Secciin” s sefieren a Lo srcionadin wa ¢ POT, lax Reghunaitaciim PCT
 [ias fnstrucciontos Administrativas PCT, respeclivanste. ( g

'NSTRUCCIONES CONCERNIENTES A LAS ENMIENDAS RAJO EL ARTIULO 19

: . La solustud Giene, depoés de haber recibido v repons de biagueda antertaconal. vos opwtuaiiad de bacer Je

mmammmmmammmwmmScmmmmgnqm, como fodas las partes de L3
[sotivitisd inteomacionsl Gravindicaciones, descripeiones v dibujos) se pueden comendar durente of profediniento de exann
- [pretiminar whanscionsl, generalminte po Koy necesidid de gresentar cpoviendas de la reivinbeacidn bajo ¢l Articalo 19
escepto donde, pec cicnplu, ¢f sulisiante quiere que s publupus 1a ditima con o] propdsite de priveceion provisional o
[porgue tieme stras sazonts las reivimdicaciynes antes de fa ‘publicacion internacional. Aln mis, s¢ debe
enfutizar quc i protecuion provisional estd disponible inicanente en alguitos Estados.

Que partes dé I solicitud internaciunat s pueden enmendar?
- Bajo ol iArticulp 19, tasicamdnte dos revindicaciones se pisien caiendar,
 Dugente Ja e ntemacional, ieivindicaciones wmbida se pucdon enmendar (baje o Artivulo 3 ante 1a
Autipidad demacioial de [xamen Preliminm. La deseripeiones Jos dbuos Gnicanients se puedan eramerelar hajo el
Aoticaor M4 ante du Autoridad Intersaciooal de Examen Prelinona. . .
_ Una vez gue wata on ia fase macional, todas fas pavics de fa solisiing interancimal se pueden camendar bajo ¢l
Articulo 28 v, donde s aplicable, el Axticulo 41 : ’

: _Cuando? mmrodemmwﬁgtﬁmnmmmumm:mwmm.mdmnommms
4 partir e la fechs de prioridad, f que e venza mii tarde Se debe notar, sin embargo, g {as enmiendas so considesin
revibidns 4 Benipe 5 3¢ reciben por 12 agencia Infurcinoal oz e fa Tocha de yencimionto ded limite de tiermpe apliveble
povo antes:de que s Waninea a las propussciones Iéonixas para b publicacion intermacional (Regla 36.1;

En donde no presentar lus enmiendes? °

T emaniendas soto se deben presentar a la Agencn lnternadional ¥ a0 con 1a (Micina de receperon pot fu Autoridad
» de Bisgieda Infemacional (Regla 46. 2) o ‘
 Donde s ha presentado una solivitud de examen preliminar intomacionat. Ver mas abajo

Comu? Yo sea canceland 283 0 mds reivindicacions, ahadicodo wia o mas reivindicaciones nuevas haciendo
crumiendas af foxio de una o mds de lus peivindicaciones como s¢ presento.
7 Una hoja dy repmplaze se debi entregar por cadd hojs dc Yo reivindicacion que, por caeata de anmictdds ¢
eamigndas, dificre des 3w hojd original como s prosents. .

" Todas las reividicaciones que apacecen en o huga Jde seemplazo de vemir numeradus con’ namerales ardbipns W
Jnde sc cancela una reivindieacion, no s¢ requiere crea ituneren 1os ptros reivindicadiones. En toded los Irozos dende las
reivandivacioss se eanvon deben Feriameratos ve o fofa copsecutiva {Tosyteciey Administeatives, Seccid 203 (by)
{5 crumionsias s dubnt foaves eit of idivata oo que la soficitud ftenncioml se poblics

Que ducumentos deben/puede acompaBar s enndendus?
- Carla f8eucidn 205 (byy \

Las esmieudas 3¢ Jebon eavinr cofi uns carta. - :

1.0 carta no s publicass von la soheitud internacional y 1as seivinhoaciones comenidadas. No se debe ponfundir con
I "Declaacion bejo o Articulo 19 (1) {ver ods abago, baja (“Declamcids bajo &l Articulo 19(1)") :
" La cita debe estar en Inglés o Francés. contn ustojd of solicitinte. S vmbergo, st ol idioma de ka solicitud
infemacional es Inglds, ba caita debe estar on inglés, 3 ef idioma de da soliciiind diernacional os isaces, ki cavia debe estar
en frmeds.

L htémcina de'essas Notas s di instruseiones Nisigas neferenties sl archivo de comiendas bajo el Asuculo 19. Las .
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se enntiendan. Debe, £n pirticulas, indicar, €0 relagion coh Cads reivindicacidnes que aperece en I solicivud
infernaciokial (s¢ entiende que indicagiones idéiticas concermicsios 2 vanas reivindicaciones s¢ pueden agrupar),

’\.d

. . ""J-;E-;‘ w “'k'z"w-"n[.* ﬁ:"‘! 4 T - 'L'
Ls.carts debecindicar 1 ditérencia eatre Ms ithivindicaciones opins se prescotan y Tas reivindicariones como -,

L L i 4 oYy

L
t

[ ¥ g

THLa ecivindicacicn no cambia, |
115 rewvindicackim s canceky,

11 repvindicacson os nuevas
{1V La reivindicacion reemplara uria o 2uds reivindicacionss cogn s presentaren;

-

. . y . [P * ;. AL -‘-.\ ) y 3.
T dela ‘mﬁm&mw“%i% cmgu de presentd,

L

'

mismos nimesos: refvindicacion 30,33y 36 sin cambio, reivindicaciones nuevas 49 2 S1 aadidas

afadir oArss nuevas)
afpdidas ®
| auny capbios.” .

| reeniptazadas por Ya veividicaciin comendadas 14 reivimbicaeion 17 9 actividad en las retvindicaciones enmerdadas 13,16
y 17, weivindicacioges pucvas 2y 21 adadidas : '

enmisida paeda lener ¢u fa descripeion v en los dibuos (yue uo a¢ pucten eamendar & acucrdo alArticule 19{13).

presslan y Comn s enmigndan Deben prosentarse on hojas separadas § se doben ileriti Ficir con um evcaberadiv,
 profiiblentenic Wil sndo las palubras "docbimcioges bago o aricule § sl

sonlznikas £a derepante. Reterencias & Jas pitay, dovantes & una reivindicacion dada, vontenidas en 2l repocte de blsgueda

nsternalionat se pcden hacor imicaments e retacion com ustrevindivacion enpwodsks.

ya &4 ha eiwiado, of solizitante debe preferiblemente, en ¢ Mo MemeRin die presentar la enmiends con la Agéncia
Intermacivnal, tambicn prosentar wna vopia de tales caoiemlas con 1 Andoridad de Exanu Preliming Internacignal (ser
Reglt 62.2(a),

ruivindicaciones como se ennendan hajo o1 Astivale 19 sedeben enfregac a §a Oicina designada/clegida, en vz de o
adicional 3 Ta traduccidn de la resvindicucion comys 2¢ presento

Safrcstanhe.

Los nguieutes gjemplos muesiean ia forma on g i chnsiendd se dehe explicar e la carta anexa:

1. {Dlosedl originabtmensi habla 48 ceivindicaciones ) tngo e I enmienda do glginas reivindicaciones dhora by 51)
{1n¥ reivindicaciones 1229, 31,32, 34,75, 37 a 48 rewinplazadas por tax peivindivaciones enmembadas que Bevan los

2. (Dunde originabmente batiia 15 revindicacionss ) luego de la ersnienda de todas las weivindicaciongs hay 11,
“reivindicaciones uno a fa 15 reemplazadas por Ia reivindicaciones enmendadas 1 a 11.7
3 {Dmde opginahmente habia 1 seivindicaciones § las crfiendes comsisien o catnadr algunas reivisdicag i Y

*Reivindicaciones § 1056y 14 siocambins, reivindicaciones Tala i3 canceladas, reivindicavones nuevas 15, 10y i7
"Reivigdivaciones 7 a da 13 cancelalay, reivificacionss muvas 13 16y 17 affadidas; todds bax demvis reivindicas hones
4. (Donde varios tipos dis emynicndas s¢ bap hechoy
mreivindicaciones 1+ <in cambios, sefvindicaciones 11 ala 13, 18y 19 caneeladay; peivindicagivaes 1415y 16
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L ey C que farma una red desde &l papel
en el cual &l components actilamida, el wmponente co—monémem
catiénico, el components menémaro de enlace cruzado multifuncional y el

componente agente reactivo a la: celulOsa se encuentran en cantidad suficiente

cuando el po{tmero se agrega al papel durante su fabricacion.

19. €l método de la Reivindicacion 17, en el cual el polimero se

" agrega alacabado de ja-fibra cm*:: un pH de fabricacion dé papel entre 4 y 10.

10

18
_ metma) sah&os de pehmem m msadus an ﬁma seca.

20.  El método de la Reivifidicacion 17, en i cual ef polimero se
agrega @l mMe de ”zq fibra con u;ﬁipH de fabricacion emm 4y8.

21, El métado do la mendicacién 17, an o cual o polimerm se
agrega. &l acabado, de fa fibra & una dosis de entre (0.25 y 10 kg/ tonelada

- ea:papetmmwwmmm“%mm“”'

EI pmcaso de la wammmi&n 17, en &l cual la red formada por

- comparadén con una red fabricada durante ef proceso que no usa un polimero

- con goiumna de doble estructura

24.- Ei proaesa de ia Reivmdcacim 23, en al cual la ioaaleza seca es
de 15 a 0% mayor, en aomparamon eon una red fabm:ada durante e proceso
que no-utitiza un potimero con una columna de doble estructura.

25. EJ proceso dé la Relvindicacion 17, en el cual la red formada por el

_-'para generar un _polimero que proporcaone 'fortaleza a un sustrato fibroso.

: ‘el papel mu&ska una fortataza seca que es por io menos 15% maycr en



papat muastra un& mmﬂ en rnimadb qua es por io rxms 15% mayor, en
i ;tbmparacian con una red fahncada durante un pmces:o que nho utiliza un
) polimem con una columna de dabie estructura

| 26. 4 proceso de la Reivindicacién 17, en i cual la red formada por el
' papel muestra una fortaleza en himedo que es entre 15 y 30% mayor, en

 comiparacion con una red fabricada durante un proceso gue no uliliza un

' potimero con una columna de doble estructura,
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mtemasmmai en &l idioma da presemamon de. la solicitud intemacional, salvo que

| en este item se indtqua ofra cosa.

O La solicitd mtemax:mnai en el lenguaje en el que fue prasar&ado

- Esta opinion est& basada en la traduceion del idioma -original al ‘siguiente
~ idioma _ , el cual es ol tdmma de una tf&dtwéh summmﬁrada para los
‘propdsitos de husqueda internacional (bajo las Normas 12.3 y 23.1.(b))

. 2. Con regpecto a'alguna secuencia de nu;t&éﬁﬁos_ 'ylo aminoicidos prasentada
"' en ia solicitud intemacional y necesaria para ef invérto reivindicado, esta opinidn
. . ha sido gstablecida con base en

- a Tipade material |

Olistadode secuencias
1] Tablas reiammdas con e I»staﬂo de semenmas

b. F omta daei matanal
1 Formato ascnto

, {1 En formato electiénico

oS Facha de radicacion/ pwsenmcién .
{1 Contenido en Ia soitcﬁud mtemacmnal tal mme fue fadicadn
{1 Radicado juntocon la soficitud internacional en formato elactrémco

1 Suministrado posteriormente a esta autoridad con el proposito de
bt’:squada ' |

3. 0 Ademss, enelcasaenqwmésdemamonoccpmdalhsiadude‘
- secuencia y/o tabia{s} que estd incluida en i@ que ha sido radicada ©
sumimstrada las dez:iarauanes requeridas de que la informacion en [as copias
| subsemnt&s & adicionales es idéntica a aquella de !a sohmtud tal como fue
. radicada, 0 no va mas alld de la solicitud tal como fue radicada y fueron
suministradas de manera adecuada.
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OPINION ESCRITA DE LA Mﬁb - Spiicitud intemacional No.
BUSGUEDA mmwoma \
mwsmw 3333

¥  Chsﬁiiﬂo v. dee!aomﬁmﬂoclmbnmmwohMaMDisf(a}
i) en relacion con fa novedad, afmamnﬁwowmﬂwmml‘

!,—/‘—‘h“

ma#ionas y 4 m:ﬁcmohes sogonando tal deciaraeiﬁn

[1-Declaragitn |
Novedad (N) n Rewmdtcamnnes . | , Sl
" Reivindicaciones \1,33, .2 V.74 _NO
- Altura Inventiva ~ Relvindicaciones ___ . __Si
‘ o Reivindicaciones __1,13.1821.22 - NO
 Aplicatiidad industrial. . Reivindicaciones__1:25 s

‘Reivindicaciones ___ | NO-

|2 cmmas y expﬁoacames |
Ver hqga sapa'a{«sa




~ Salicitud internacional No.
. PCTASZ00H013333

D1: HS—APS 555 aap immeuv mewus cascm ET AL) 19 oo enero de
1971 (19714}1.19; , |

D2: EP-A-0 859 ?8@ (M!TSHI TO#TSU CHEMfCALS iNC) 28 de junio de 1985
- (1985-06-28)

D3: WO wmme A (HERGUL&S mcaRPMEm 2 de mam de 2000
%12300-03432}

‘,?s ﬁmammommem
1.1 Las Rawmm Pnnclmlasmwa&s 1, 13, 18, 21 29ay 22 dascnben A
“un mmpuesto, un proceso, métadqs un prt:x%ucto y otro proceso que se
relscmna n:an un aditivo para cepas de papei
12 D1, que se ha citado ‘por el Saolicitante e la E)escnpclén revela (cf
reivxnd{cacmnes 1. 13 e;empios 1, 10 y col B, linea 37-50} un polimero
archilamida cafiénico capaz de ser de enlace cruzado por unidades de glioxal.
| Aparte de su uﬁﬁzacién como un aditivo de fortaleza himeda que mejor la
cepa de papel, el polimero no contiene el rondmers de enlace cruzado
" rultifuncional de la Reivindicacion 1.

1 3 D2{cfp. 5, linea 19 atap. 7 linea 10) revela un mondmero. de enlace cruzado
que confiene un polimero adilivo que mejora ‘la cepa del papel del tipo
anignico. . . :

14 Da(cfdesc:npmén p.4.par. 5ap. SpAr 3, reivindicaciones 1, 11, 17, 1821,
34-38, 5559 y ajs 4, ?-9) revela un polimero de acuerdo con la
Rewmamaman 1, ol cual puede contener enlaces cruzados multnfanc:onaies
{cf tambaén p.3, linea 29 'a p. 4, linea 2) y, adicichalmente, unidades
anionicas, o que no -queda excluido por las Reivindicaciones Principales
actuales. También se utiiza como aditivo para mejorar a foftaleza de la cepa

- deipapel.

1.5 Laé Rewmdlmanes P:inupa!es actuales 1, 13, 18, 21. 21 a y 22 entonces
no aparecen ser novedosas en el sentido del Articulo 33(2) PCT.



qu

2 Pasuw vant mtwmﬁaxai m’ |

Al pmpOfW una Raivmdrcamén mmpa! enmwdada que cumpla con ios
mquenmientos dal Miculo 33(2) PCT &h wzmiame debe relatar la ca:actenst:ca
que lo dtsﬁngua para un efecto técnico sarprendente (mesperada) .s0bre €
anilguo arte 0 hacer verosimil que | ta carader:stm que la distingus no se defiva
delas anteripres artes ensefadas. .(Artmu!o;&ﬁ) PCT).

3. Miscalml
31 La segunda ﬁemnd;caméh que lleva el numero 2i ha sido demgnada conel
‘ mmero 712 mﬂsamba '

3.2 Aunque las raiwndlcac;mes 13, 1§ 21 y 22 han sido indicadas como
reivindicaciones separadas mdapendmnm. parece que se relacionan
efecwamame al mismo tema y que d:ﬁeren eﬁif& sf solo con relacion a la
definicion det fema del objeto pata el cual se busca la proteccion y/o con
mspecto a la terminologia ulilizada para las caracleristicas de este tema

~ objete. Por ende, a las reivindicaciones amba citadas les falta precision y
como tal no cumplen con los requerimientos del Artictlo & PCT.

Formato PCT/SAI37 (Pégina Separada) (2°. Pégina) (EPO-enero de 2004).
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RESINAS FUERTES DE ALTO DESEMPENO

EN LA INDUSTRIA DEL PAPEL
ANTECEDENTES

Los adifivos quimicos se ulihzan habitualmente durante el proceso de
fabricacidon de pape! para mejorar las propiedades de dureza del papel y
cartsn. El principal objetivo de dichos aditivos quinticos es fortalecer el amarre

enira las fibras en el papel.

Se pueden oblener muchos beneficics al utihzar aditivos de
tortalecimiento. Estos permiten al fabiicante utlizar menos pulpa, menos
pulpa costosa y/o mas reliens al mismo tiempo que le permite fabricar un
proeducto de papel tuerte, rigido y opaco Adicionalmente, se puede
reducir el proceso de retinamiento sin afectar Ia dureza del papel. lo cual
genera ahorro en energia y aun aumento en la produccion. Algunos
agenies propercionan dureza adicional al papel cuando se encuentra
mnjado Estos agenies son especialmente imporiantes en tipos de papel

coma pariuelo, toalla, carton, dinero. y muchos otros

Existen muchos aditivos guimicos que se han utiizado como aditivos de
tortaleza Loz admives de foralecimento convencionales incluyen
almidon, gomas vegetales, celulosa carboximeul, resinas de
formaldehido de urea, resinas de formaldehido de melamina,

copolimeros acnilamidas y resinas de polamidoamina epicicrhidrina,

t a Patente de U.S No. 3,556,932 a Coscia indica los copollimerts de
acrifamida glioxalatada soluble en agua como aditivos de tortalecimiento
l.os copolimeros scrilamidas se preparan con una solucién de
copolimenzacion ge acriamuda Con up MONOmMero catohico como el
cloruro de dishidimetilamonio. Luego los palimeros se hacen reacc;onar
con gioxal en una solucidn acucsa y diluida para proporcionar --
CONHCHOHCHO funcicnalidades ai polimero y asi aumentar el pesc
moiecular dei pohimero por medio de los enlaces cruzados de giioxal
Las resinas resultantes se utihzan d2 manera amplia. asi como lus

aditivos de fonatecimiento, secos y humedos. se utihzan en la industria
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La Patente de 1).S No. 3,311,694 indica !a fsbncacion y utilizatdn de
rasings de poliamdoaminalepiciorhidrina (PAE} cormo aditivos humeaos
de fortalzcimiento para el papel Las resinas se preparan haciendo
reaccionar ia epiciortwdiina cca las poliamidoaminas. Las resinas PAE
también proporcicnan una fortaleza lLimitada en seco al papei. Sin
embargs, como 1as resinas FAEZ proporcionan una gran foralera al
papel en mojade, lo cual genera papeles dificiles de repulpar, estas
resinas PAE no son adecuadss para su utilizacion como reswtas de

fortalecimiento en seco en la produccion da papel ieciclable

Seria benaficioso desarroliar compuestos mejorados y métodos para

proporcionar fortalecimiento en seco a productds de papel.

El invento se releciona con un compuesto que incluye un polimero
reactivd a la celulosa guc sea solutie ©n agua, canonico y termofiaguaao, con
una estructura doble de columna que es el producio de la reaccion de: (a) un
componente copoitmenzade (i} de acilanwda, (it) componente cation:ico da co-
monomerc y (iu) por lo menos un componenie de monomero de enlace truzado
muttifuncionai, y (p) un componente agente reactivo a la ceivlosa; de tat iorma
Jue el componante de acrilamida, el componente co-monomero cahonico, el
componanie monémerg de enlace cruzado mgliifuncional y el componentz
agente reactivo a la celulosa se encuenttan en cantidad suficiente para
producir un polimero que proporciona dureza a un susirato fibroso cuando el
gotimern se agiega al pape! dulante su proceso de fabricacion, Eslas y viras
calacleristicas, aspecios y ventajas de eske mvenlo serdn mas faciles de
comgrender haciendo referencia a ia siguiente descripcion y rewindicaciones

anexas

DESCRIFPCION
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El invento se basa en el descubrimiento de gque al agregar un
componente monémero de eniace cruzado muliifuncional duranle la
copolimerizacion de {1) un componente acnlamida, y (i) un componente co-
monomero calionico, que forman una columna estructurada y luego se somete
e: polimero resultante a una reaccién con un componente agente reactivo a la
celutosa, formando asi un polimero con una columna doblemenie estfructuraca,
posibittando la formacidon de un polimerd con desempeiic mejoradc en
semparacion cen el polimero que no cuenia con una columna de estructura
doble. Este es un descuhcdmiento relevante, porque no se espera que al
someter la columna a mas estructuracion el desempefiu del polimero se vea
afectado.

Como se utiliza en este documento, el término “componente monémero
de enlace cruzado multdfuncional® incluye moncmeros bifuncionales vy

ondmearos multituncionales

Aparte de los ejemplos operatives o gue se indique lo contrario, todos Ios
NUMEros o expres,ones que hacen referencia a las canfidgades de ingredientes,
condicicnes de reaccicn, efc., utlizados en la especficacion y las
ieivindicaciones se entienden como mohticados en toda instancia con el
término “aproximadameante.” Se indican varios rangos numérnces en esta
soncitud de patente. Esto se debe a que estos rangos son continuos e incluyen
todos fos valores entre les minimos ¥y maximos. Salvo que se indique lo
conwrario en forma expicita, fos miibples rangos numéricos especificados en

esta solicitud son aproximaciones.

El componente acriamida incluye los polimeros formados de una
aciilamida y/0 mewacrilamida o0 un copolimero acrnlanuda gue contiene
acrilamida y/o metacrilamida como componente predominante sobre los demas
mondmeros que contorman el copolimero. Sin embargo, al ser yunzado como
agente de fortalecimiento para papel, &l polimeroc de acrilamida contiene
prefertblemente acrilamida y/o metacnlamida en una groporcion de 50 mof % o

mas, o especificamente entre 74 y 99.87 mol %, ¢ enlre 94 y 99 98 mol %
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La cantidad del componenta acrdamida varia generalmenie entre 70 y
5G9, basado en el peso wial dei copolimero. En una incomporacion e

componente de acrilamida varia entre g 75 y el 85%.

Hasta aproximadamente el 10% por peso dal £o mondmers acrilamda
de ics polimeres estrucluralos se puede reempiazar por 0Ffos €O MONOINErUsS
copeimenzacles con el azdlamida. Sstos co-monémeros incluyen aciido
acrilico, éster acnlino como el acrilale etifico, acriaw butilico, acrilatc ae
metimetacrilato, 2-etithexil etc , acrilonitnio, N, N'-dimetil acrilarmda, N-tert-ouiil
acrilamida, 2-acristo indroxiletil, eslireno, benceno de vinilo suifonico, vin

PUTSHZONA.

El co-mondmero cationico puede ser cualquier co-mondmero catiénice,
el cusl af ser utilizado segun aste invenid, genara un poiimero de atusrdo cen
ecle invenid Ejemplos de co-mononseros cationicos adecuados incluyen perc
no se bmidan a cloruro de dialit dimet.amonto, cioruro de acrlodoxitmetii-
amonio, cloruro de melacriloloxitrmetilamonio, cloruro de metacrilamidopropil
trimeliamonio, 1-meatacriloil-4-metil piperazina, y combinacionas de 108 msmos.
La canhidad de mondmaro canonico varia generalmente entre 1 y 30%, o entre
&y 25% bLasado en al peso total dei copoitmere £l pohimero tambien se puade
convailir en cattdruco a través de la reaccion del pelimero acrilamida como &

gegradacidn de Hotmann

El compenente mondmero de enlace cruzado multifuncionsl pusde
vaiiar.  Alguncs sjempios de monemeros adecuadss inciuyen pero no se
hmitan & rnetilenebisacrilamida;  melilenebismetacrilamida; cloruro de
tricklamonio; cioruro de elraaliamonio, diecrilato de polietileneglicos,
dimetacrilate de poletieneglicol, N-winil acnlamida, dwvinilbenzeno, tetra
dacnlale (elleno Je gitcol); cloruro de amonio de dimeblaliiaminoetitacrialo;
acido dialiloxiacético, sal Na, dighloztiamida; triacrilato de trimetilolpropano
etoxeato, N-alilacniamida N-matlaklacniamida, y 1as combinscones de ios
nmismos. La canbidad def cormponente de enlace cruzada muitifuncional puede
vanar, Alguncs giempios de nionémerss adacuados se pueden encontrar €6
WO U711B167 v la Patente U.S, No. 4,950,725, incluida en este documend an

a\
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su totalidad por referencia.

£n una incarporacion, la cantidad es de por o menos 20 ppm, €], entre
20 y 20,000 ppm, o ente 100 y 1,000 gpm basado en el pesc total del
polimero.

El agenle comporens reachvo a la celulosa puede ser cualquier agente,
el cual al ser utdizado segun este invento, genera un polimero con una columina
de doble estructura, de manera que el polimero proporcione fornaleza a un
sustrato fitroso cuando el polimero se agrega al papel duranie el proceso dz
su fabricacion. Algunos ejemplos de agentes reactivos a la celulosa adecuados
inclityen y no se limitan al grupo conicrmado por ghioxal, glularaldehido, furano
dialdehido, 2-hidroxiadipaldahido, succinaldehido, almidon de dialdehido,

compuestos de biepoxico, y combinaciones Jde jos mismos

ta ullizac:on de agentes reactvos a la celdlosa proporciona la
funcionalizacion it de los pelimeros. La Ghoxalacion, por ejemgplo, de!
poliacrilamida de rama estructurada introduce funciones de CHO al polimero y
ademas aumenta el peso molezular al introducir e enlace crurads a la
estructura del poiimeroa. La estruciuracion y ramificacion del poliinero pueden
ademas tener un efecto en el grado de ghoxalacion y por lo tanto, en el
desempefio dei pelimero. Los poliacrilamidas glioxaiadas de rama estruclurada
muastran un mejoramiento en las propiedades de fortalecimento de papal

sobre 05 polhaciiamidas glioxaladas convencionates.

l.a canbdad el agente reactivo a 18 celulcsa puede variar ¢con ia
aplicacion y puede estar entre 10 y 100%, o entre 40 y 50% basado en el pesc

total del copotimero de la columna

El peso moiacular de ia columna puede vanar. En una incorperacion, la
columna tiene un peso molecuiar, antes de la reaccion con el agente
compenente resctive a la celulcsa, que varia entre 1,000 y 100,000 daltones,
preferiblemente entre 1,500 y 30,000 daitcnes Todos los pesos molecidares de

este documenio son peses promedio
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La vizcosidad gruesa del copolimero puade variar segun la apliicacion

“Per lo general, la wscosidad del copolimero se encuenira entre 18-5,G00 cps, 0
mas especificamente entre 150-50C cps al 40% de solidos totsles. [Xi agente

de traneierencia de cadena se uniiza en el rango entre 0 y15%, rango prererido

entre 0-10 0%, por peso, basado en of paso toial del cepolimero La razon de

ias unidades reactivas a la celulosa con respecto a las unidades de acrilamioa

varian entre 0.1-0 5.1 0, respectivamenta

El agente de transferencia de cadena es un componente opcichal y
puede incluir cuaiyuer agente de transterencia de cadena, el cual at ser
utilizado junto con el invento, genera una columna de doble estructura de
manera que el polimero proporcione fortaleza a! susirato fioroso cuando el
polimero se¢ agrega al papal durante su procesc de produccion.  Algunocs
cjemplos de agenles de transferencia adecuados se seleccionan del grupo
conformaro por 2-mercaploetanol; dcido lactico; alcohol isopropilico; hoacidos;
o hipofosfaio de sodio. Les agentes de transierencia de cadena prefendos son
2-mercaptoetanol, acido lactico y alcohol isoprepilico. Las cantidades del
agenle de rmansferencia pueden variar. Por lo general este agenie de
transferencia se encuanfra presente en una cantidad entre ¢ y 15%. ¢ mas

gspeciticamente enire 0y 10%.

Los polimares det invents son catiénizes y se conforman usualmente por
la ponmerizacion de radicales libres, La catonicidad del polimero puede
vanar. En una incorporacion, el polimers es caiidhicc debido & una
reaccion de polimero 1l como la degradacidn ae Hofinann. Los
polimeros pueden incluir funcionalidades anidnicas y ho-idnicas y como

tales, los polimeros pueden ncluir poumeros amféteros.

El invento proporciona un proceso para la generacidn de un polimaro
yue invoiucra los siguientes pasos (a) copolimerizacion de un componente
acrilamida y un componante mondmerd catidruco con por 0 menos un
componente moncmero de enlace cruzado muitiiuncional que forma un

nohacriiami-ia ramaficario calivnico esiruciurado con una columna estructurada,
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{b) reaccion del pchacrilamida estructurado ramificado con un componente
agenle reactivo a ia celulosa yue forma un polimerd reactivo a la celulosa que
sea soluble en agua, catidnico y termofraguads, con una estructurs doble de
columna, de tal manera que e componente acnlamida, el comgonenie co-
mondmero catidnico, el componente mondémero de enlace cruzado
rmultifuncional y el componente agente reactivo a la celuiosa se encuentren en
cantidad suficiente para generar un polimero gue proporcione fortaleza a un
susirato tibroso cuando el polimero se agrega al papel durante su fabricacion.
Etl artesano apreciara que los polimeros del invento también pueden contener
QIUPOS anionicos y na-idnicos. Ejercer coniral sobre el nivel del enlace cruzado
y opcionalmente sobre so agente de fransferencia, puede controlar el grado de

estructuracién, ramificacion y peso molecuiar

El proceso se realiza en la presencia de un componente iniciader y un
componente soivente adecuado que genere el polimero reactivo a la ceiviosa
que sea soluble en agua, cationico y termofraguado. Cualquier iniciador
convencional se puede utlizar para wiciar la polimerizacion, incluyendo
radicacion termal, redox y ullravioleta. Algunos ejemplos de iniciadores
adecuados inchiyen pero no se limitan a azo bis isobutironitrilo; sulfato de
sodio, metabisulfato de sodin,2, 2-azo  his(2-metil-2-amidinopropans)
dihigrocioruro, persuliato de amomaco y hexahidrato ce sulfalo de amorno
ferroso. En una incorporacion ventajosa, el persulfato de amonio / metabisulfite
de sodio, y las combinaciones ¢e los mismos se pueden utilizar. Los perdxidos
crgénicos fambign se pueden ulilizar para polmerizar etilenicamente
monomeros insaturados. Un iniciador especialmen:e preferido para el propdsito
de este invenio es el persuifato de amaoniacd/ metabisulfito de sodio. Referirse
a Modern Fiastics Encycicpedial/38, McGraw Hill, October 1987, pp 165-168.

Durante 13 tuncionalizacidon, los solidos de! polimero-columna pueden
difesr En una incorporacion, los sdlidos del polimero-columna durante la
funcionaizacién varian entre 4 y 15%, 0 mas aspecificamente entre 5 y

10%

El sustrato fibroso es generalinente una hoja de papel hecho de una puipa
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42 pagel {(acabadc) agecuade. El acabado con el coal se hace e! sustaty
iibrozo pusde inciurr cualquier a2cabado que produzss un susirato fhrsso
atgecuado rara este invenis. Los acabados por glemplo, puaden inclurr
3cabados iz panuels, foalia pape: vergé humedo, virgen o reciclaud o de

‘ratamienic de celulpsa. Segin 1a aplicazen, el niémero de custratcs
throcsos en of papel pusde vanar Bl progusie de papel pucde leaer inan
de un suswato fikioso En una incoiporacidn, |l paoel iiena dos sustiatos
hbrosos, e). un productd de papel ue dos hojas. o ofra INCorpuracion &

producte de pape! puede tener mas de dos sustraios tibrosas.

En fa prictica, el mvento proporciona un método que tnvsolucra los siguienes
pasns {3 proporcionar papel; (b)) agregar al papel un poiimere reactivo a la
celulosa gue sea soluble en agua, cationico vy termofraguado que sea ol
producto de la reacuén de. (1) un componenie copolimerizado () acaaa-da,
) un componenie co-mondmero caliéneo y (i) por 10 MEnos L componaiie
mandmero de enlace crurado inuflihno.enal v (2) un componente agonte
reachivo a la celuosa. y (2) que forma una ed desde ei papel: de tal manera
gue & componente acnlamida, el componente co-iacnomern nanénico, ef

comgonente mondimers de eniace cruzsdo medhiuncionsl, y & Somponents

P

agenie reaciva a Ja oivinse se encuantren en canudad suficienie paca

arcducic un polimero que s@ agrega al papel durante su proceso de fabricacion,

Ft poliniaro se pasde agrogdr al scapado en vanss pH de la fabncacion
de paped, segan la aplicacion, En una a,00rporacion el potimero se ayiega &
acabado da Ia Vbra con of pH de la fabreacién del pape!l entre 3 y 10, E5 una

ncorpsracon, el ptl variaenmre 5 y 7

Los henehcine de fos polizcrilamidas  gioxaladas  esliucturanas
funcionanzadas y reactnvags a la celizdsa tiencen a ser mas wisibles en ia
fortaleza del papal Loz poliacnlamidas ghoxaladas estructuradas también so
ahscrben rapidamente en la hora ue ceitioss a vaiores de pH anire 3-8 0.
l.as resinas procporcionan ioraleza formando vincules de hidrégeno y vinedins

cavalenies asi como vinculos iimcos con itbra de celulosa.
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Las cantidades del compuesto utlizadas para el invento pueden variar
también, segln la aphicacidn, En una incorporacicn, el polimero se agrega al
acabade de la fibra a una dosis entre 05 y 20 Ibfton (0.25 ~ 10 kg/ tonelada
métrica), o mds especiticamenie entre 2 y 13 fofien (1 — 6 6 kg/ teneiada
metrica) de sélidos de polimero seco en fibra seca. Ei artesano apreciaré que
estas son guias y que la dosiz efecliva y reai de 1a resina depende:d de 13
naturaieza Jdel acabado y de las condiciones de las aguas blancas.

£l invenio proporciona ventajas que no eslaban disgonibles
anteriormente. Los aditivos de de forfaleza seca mejorados del invento
permiten, por ejemiplo 8 los fabricantes de papel ulilizar pulpa menos costosa
y/o mids relleno si dempo que se produce un papel bastante tuene, rnigido y
ocpacd, en comparacion con los compuestos y metodos regutares.
Adicionaimente, el refinamiento se puede reducr manteniendo la dureza del
papel, lo cual genera ahorre de enargia y aun aumento en la proguccion. La
foriaieza mejorads en hdmedo permie a los fabricantes de papel fabricar papel
de mas Tortaleza en himedo o utikzar miencs quimicos, lo cual permite una

eficiencia de coslos y mejor operacion de la maquinaria

Aungue este invento fue descrito en deialle haciendo referencia a ciernas
versiones preferidas del mismo, existen olbras vadaciones. Por lo wanio, el
e5pifity ¥ el alcance de las reivindicaciones anexas no se deben hniiar a la

descripcion de las versiones agut contenidas.

36
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SE REIVINDICA LO SIGUIENTE:

1 Un compuesto que incluye un polimero reactivo a la ceiuiosa que
sed soluble en ague, catidnico y tenmofraguads con une coluinna de doole
estruciura que as ia reaccion producto de:

(8} un componente copoiimerizado (i acniamida, () un componente
co-mandmero cahicned 7 (i) por b mends La componenta mondmen de
endace cruzado muthifuncional y

() uncomponente agante reactivo a la celulosa;

en el cual el componame acnlamida, el componente co-monsmers
cationics, componente mondmers de enface cruzade multifuncional y el
companente agente reuclivo a la ceiulesa se encuentran en cantdad suficiente
para producir un polimers que proporcione fortaleza a un sustrato hbroso

cuanao el polimero se agrega al papel duranie su procesc de fabricacion.

2. El pohmeio de la Reivindicacion 1, en el cual & componenle

acriamida varia entre 70 y 96°%.

3. El polimaro de la Rewindicacion 1, en el cual el comgonents

cafidon,co varia entre 1 y 30%, basado an el peso tolal del copolimero

4. El polimore de la Reivindicacidn 1, en el cual el comporenle
tiionémiers de enilace cruzade multifuncional varia entre 20 y 20,000 ¢gm,

hasado er, ¢l peso tota: dal polimers.

5. El pohmero de la Remsndicacién 1 en el cual el componante
agenie reaclivo a 'a celulosa varia entre 10 y 100%, basado en el peso tolal de
ia columna

6 E! polimero de la Rawindicacion 1, en el cual el componenta
acriamida se selecciona del grupe conformiado por acnlamida, metlacrdamida y

as combinaciones de 1os mismas.

7. Ei polimero de la Reivindicacion 1. en el cual el co-mondémero caticnico
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se selecciona del giupo conformado por cloruro de diahl dimetilamonic cloruro
de acrilciloxitrimeulamonio, ciorLro de metacnisioxirimetilamonio. cloruro rie
metacriamidopropil  tomeolamonic,  1-melactioil-4-nietdl  piperazina, ¥

combinaciones de 138 mismos.

3. El polimere de 1a Reivindicacion 1, en el cuai el compotienie
monomers de enlace cruzado mistifurcional se selecciona de un grupd
conrormado pur maiilenabisacriiamida metilenenismeatacritamida, cloruro de
tnalitarmonis, cloruro de tetragilamonio, diacmato de  poletileneghcol:
dimetaciilato de polietilensghcol: N-vinil acriiamida, divindlbenzeno, lela
diacnlalo {etileno de glicel); cloruro da amonio de dimetilallaminceulacrniato;
acdn daninxiacduco sal N, dwalioctiamida, tiacnlato ae inmetlolpropano
etoxilato; N-alilacrilamida N-metlablacalamida, y las combinaciones de 10s

THEMCS.

4, El poiimero de la Rervirawcacion 1, en €l cual el componente
reactivo a la celu'osa se selecciona dol grupo coniormagdo por glioxal,
glutaralcetudo, furano d.aidehido, 2Z-mdroxiadipaidenido, suctinaidehiuo,
almidon dz dialaeredo, compusstes de biepéxico, y combinaciones de loa

usmoas

10. E! ptlimero de la Rewindicacién 1. en el cual [a columna bene un
pe30 molecuiar anias de la reaccion ai agente reachivo a la celulosa, que vaiia

entre 1,000 y 100,0C0 daliones.

11.  El polimerd de la Reivnd.cacion 1, en el cual ia columna iciuya
ademds un agents de transferensa de cadena en una cantgad que varia uhue
Oy 15%.

12 El polimere de Jla Rewndicacion 11, en el cual el agenie da2
wvansferencia de cadena se seleccona del grupo conformado por z-
mercapicetanol; acido lactico; alenhol isopropilico; tioacidos; hipcfosfalo de

sodio y las combiiraciones de los misnivs.
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13 Unyprocesd para tabncar un polimerd gue incluye.

(8) copoimenzacion de un componenie acrilamida y un components
MGRAMETS CRUDRICO CON POT 1D MENVS UnR componenta monomero Jde emace
Cruzage nuiifunciona! que forma wn potiscrilamiva ramificado  catdiico
etructurade con una columng eslruciurada;

(b) 1eaccdn dei pouacrlamida esiicturado ranwiicado con un
compehanie agente reastivy a la celulosa que forma un ponmero reactive a .a
celulose yue sta solunte en ayna, calicmes y lermotraguado, sen U
gstruclura dobiz de columna,

en ¢ cual e componenie aciilamida, el cecmponenie co-MONOMETG
ratonico, el componenie mendamero da enlace cri.zado multtuncionat y el
campenante agenia reactivo a1a celilicsa se encueniran en cantigad suiicienie
para generar utt polimers que preporcione fortaleza a un sustrato fibroso

cuands et poliniers s2 agrega al papet durante su fabrncacion;

14, B pracess de ja Revanmeaciin 13, en &l cuai la politmenzacion se

N}
reahiza en ia presencia de un agents Je wansferencia de cadena.

15 &} proceso de i3 Rewwmdcacidn 13, en el cual lbs solidos de

sotrnero Je la columna durante 12 lunsicnaiizacién varia entre 4 vy 1564

16. Ef proceso do la Reivindicacion 13, en el cual el inciader su
sewecions de un grupo conformads por 2zo bis isobutironirilo, sulfato de sogio,
metabisultato de sodic;2, 2-az0 bis{2-matil-2-amidancpropano) dimdrealonrs:
j-ersuifa1o ag amonio y hexahidralo de sudtato de amonw 1emoso, persuliaio de

amaonic / metabisaitito de s0di0, y las combinaciones da 105 mismos.

17.  El procsso d2 la Rewindicacion 13, en el cual &l pelimero es
cahionoce debide a la reaccion de polimero tai como la degradacion we
Hafmann y no por la tutilizacion de un co-mondmero catidnico.

13, Un macds que reciuye

(@) proporicnar papsl,
(b} agregat al papet un polimero reactvo a la ceiuiosa que sea

sousle en agua. cationico y termofraguado, que es el producio reaccion
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de:

(1)  un componenie copolimerizado (i) acnlamida, (i) un componente
co-rnondmers catidnico y (i) por o menss un components mendmero de
eniace cruzado multifuncional y

(2)  uncomponente agenie reactvo a ia celulosa; y

{¢} queforma una red desde el papel;

en e cual el compenente acrilamida, el componenis co-mondmers
cationico, el comporente mondmero de enlace cruzado multuncional y el
componente agente reactivo 3 13 cefulosa se encuentran en cantidad suficiente
para generas un polimero que proporcione fortaleza a un sustrato fibroso

cuando el palimero se agrega al pape! durante su fabricacion.

19,  El método de la Reivindicacidn 17, en el cual o polimers se
agrega al acabado de la fibra con un pH de fabricacion de papel enfre 4 y 10.

26.  Ef méwdo de la Reivindicacion 17, en el cual el polimero se
agrega al acabado de la fibra con un pH de fabricacion entre 4 y 8.

21,  El mnétodo de la Reivindicacion 17, en el cua! el polimero se
cgrega ai acabado de la fibra a una Jdosis da entre (0.25 y 10 kg/ wcnelada

mainca) sclidos de polimero seco basados en {fibra seca.

21 El papel resultante del proceso de la Rewindicacion 17,

22. El proceso de la Reivindicacion 17, en el cual la red formada por
ei papel muestra una fortaleza seca que es por lo menos 15% mayor, en
comparacion con una red fabricada durarnite el proceso qua no usa un polimero

con columna de dohle estructura
23  E proceso de la Reivindicacion 22, en el cual la fortaleza seca cs
de 15 a 30% mayor, en comparacion con una red fabricada durante el picceso

gi.@ no utliza un pelimero con una columna de doble estructura

24. £l proceso de la Rewvindicacion 17, en el cual fa red formada por &l
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papel muestia una forlgieza en humado que a5 por I menos 15% mayor. en
comparacicn cen una rea fabricaoa durante un procesd gue no ubhiéa un

polimero con una columna de doble estructurs

25 Ef proceso de ia Revindicasion 17, en ei cual la red tormada por &
papei mueslra una foriaieza en humede que es entre 15 v 30% mayor. en
Somparation con una red fabncada duranie un procosy gque no uhifiza ¢n

polimaro ton una columna ge doble estructura.
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COMPENDIO DE LA REVELACIGN

Un compuesio que ncluye un polimero reactivo a la celuiosa que sea
sotuble &n agua, catidricd y fermofraguado con una columna de doblz
estructura que es la reacaidn producto de (8) un componente copolimenzado
(i) acrdamida, {iiy un componente co-mondémero caliénco y (i) por 10 menos un
compenene moenemearo dz enlace cruzadeo multifunciona: y (b) un componente
agenie reactvo a le celuivsa, en e cuai & componente acrilanida, e
componente co-mondomero catidnico, componente monomero de enlace
cruzado multitunc.onal y el componenie agente reactivo a la celuiosa s&
encuantran en canidad suficiente para producir un polhimero que proparcione
tortaleza & un susrato tibroso cuando el polimere se agrega al papel durante
su proceso de fabricacién El invento tambiéne se relaciona con metodos pera

faoricar y ulllizar dicho compuesto
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Box No.V  DESIGNATIONS

The filing of this request constitutes noder Rule 4.9(a), the designation of all Contracting States bound by the PCT on the international
filing date, for the grant of every kind of pratection available and, where applicable, for the grant of bath regional and uahonal patents

However,

D DE Germany Is not designated for any kind of natonal protection

[J KR Republic of Korea Is not designated for sny kind of natiansl protection
[0 RURusn Federntion Is not designated for any kand of national protectson

check-baxes above may bewsed 1o exclude (irrevocably) the designations concerned 1n order to avoid the ceasing of the effect, under
the national law, of an earlier national tcation from which prionty is clmmed See the Notes to Bax No V as 1o the consequences of

such national law provisions i these and certain ather States)
Box No. VI PRIORITY CLAIM
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day/manth/yea regronal application.® | international application:
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Box No. VII INTERNATIONAL SEARCHING AUTHORITY
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Request to use results of earlier search; reference to thut search (if an eariter search has been carried out by or requested from the
International Searching Authority}-

Date {day/month/year)

Choice of Internstionsd An two or more International Searching Authorities t to t the
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Box No. VIIT DECLARATIONS

Number of
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date, to apply for and be granted a patent

D Box No. VI (1) Declaration as to the applicant’s entitlement, as at the international filing
date, to claym the prianty of the carlier application

D Box No VI (1v) Declaration of inventorship {anly far the purposcs of the desipnation of the
Uninied States of Amenica)

D Box No. VIII {v) Declamtion as to nan-prejudicial disclosures of exceptions to lack of novelty

Form PCT/RO/101 {second sheet) (January 2004) Seg Notes to the request Jorm
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drawings - 6 0 pg:(l}v document(s) identified 1n Bax No V1as
—— MemlE) .. ...t i iiiiiiiiieniciaas e :
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e thereto ] scparate ind concen ted microorgani
(for both, actual number of = uml:ldwmﬂ 1ng deposated mi o
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related thereto icahon) .
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5. International Searching Amhu)rity
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For International Bureau use only
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wmmmﬁm Burean cid
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International Apphcation No

For recerving Office use only

Applicant’s or agent's

file reference CH-8269PCT

Applicant
LANXESS CORPORATION

‘ Date stasmp of the recerving Office

CALCULATION OF PRESCRIBED FEES

Interational scarch to be carmed out by EPO

the internanional search )
3 INTERNATIONAL FILING FEE

300.00 [T]

L 2.075.00[5]

(If two or more International Searching Authorities are competent to carry out the
wniernational searck, indicate the name of the Authority which 1s chosen to carvy out

Where itern (b) and/or (c) of Bax No. IX apply, enter Sub-total number of shests 18
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(Apphicants from ceriain States are enntled to a reduction of 75% of the
wnternational filing fee Where the gpplicant 1s (or all applicants are) so
ennitled, the total to be entered at I is 23% of the mternational filing fee.)

4 FEE FOR PRIORITY DOCUMENT (Ifappiicable)
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or credit any overpayment in the total fees indicated above
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Rectiving Office RO/ US
Deposit Account No  50-2527
Date 18 April 2005

Name Diderico van Eyl
Signature:

Form PCT/RO/ 101 (Annex) (January 2004)

See Notes 10 the fee calculation sheet
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GENERAL POWER OF ATTORNEY
(for several intermational applhicanions filed under the Patent Coopervtion Tieaty)

\

(PCT Rule 90 5)

The undersigned person{s) '
{Fanuly name followed by given name, for a legol ennty, full official designanan  The address must inchide postal code and name of country )

Naijie Zhang
31 Charter Oak Street ~
Ridgefield, CT 06877

Michael S. Ryan
3 West Farm Rudge
Newtown, CT 06470

hereby appoints (appownt) the following person as- E agent D common representative

Name and address
(Famuly name followed by given name, for a legal entity full official designation  The address must include pocsal code and name of country )

Dhderico van Eyl

LANXESS Corporation

Law & Intellectual Property Department
111 RIDC Park West Drive

Pittsburgh, PA 15275-1112

U.S.A.

to represent the undersigned before m all the competent International Authorities
D the International Scarching Anthority anly
D the Intemational Preluminary Examiming Authority anly

in connecthion with any and ail international apphicavions filed by the undersigned with the following Office

yU.s. as receving Office
and to make or receive payments on behalf of the undersigned

Signatures of the applicant(s) (where thenr are soveral porsons, sach of therm muRt sgn, nedt b the egnstrs, rekale e ame of the pesn
and the capacrly n wirch the pérsn agre I ach opaoly 18 not obsous fromy reading tvs  poue)

@ 3/1¢f2005"
1 " Date

3/15/25

Date

Date

Form PCT/Model of general power of attorney (for several international applications}(July 1992)
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or an 1nternational apphcanon filed under the Patent Cooperction Trealy)

(PCT Rule 50 4)

The undersigned apphicant(s) (Nomes should be indicored as they appear in the reques)

LANXESS Corporation

Law & Intellectual Property Department
111 RIDC Park West Drive

Pittsburgh, PA 15275-1112

hercby appoints (appoint) the following person as [x] epemt [J cmmon represcnianve

Name and address
{Family name followed by given name, for a legal enttty, full official designanon  The address must include posial code and name of country )

Diderico van Eyl

LANXESS Corporation

Law & Intellectual Property Department
111 RIDC Park West Drive

Pittsburgh, PA 15275-1112

to represent the undersigned before [X] @l the competent International Authorities
D the Internaticna) Scarching Authanty only

D the International Preliminary Exarmiming Authority only

in connection with the internanonal application ydentified below

Title of the inventlon: High-Performancg Strength Resins in Papermaking Industries

Applicaut's or sgeut's file reference:  CHS8269 PCT

International application number (if already available):

filed wnth the following Office Receiving Office: U S. as receiving Office
and to make or receiw payments on behalf of the undersipned

Signatnre of the lppliﬂl‘(l)fwhlrl there are several appluants each of them must s1gn, naxi io each signanire, indicae the name of the person nigning
and the capacily n which ihe person nigas if sweh capacity 15 Aot aln from reading the request or this power)

Marcy L. Tenaglia
Vice President, General Counsel

and Secretary

Date /Mcg—_c_:['l I3 DO

Form PCT/Model of power of attorney (for a given international applcation)(July 1992)




Ms. Marilyn Younger

Mail Stop PCT
Commissioner for Patents
P.0. Box 1450

Alexandria, VA 22313-1450

VIA: FAX
703-305-3230

)
Re: PCTAIS2005/013333
CH-8269PCT

Dear Ms. Younger:

In response to the "Communication in Cases for Which No Other Form is
Applicable," dated May 19, 2005 (copy enclosed), attached is a corrected
page 13 of the subject International patent application. Please replace the
previous page 13 with the attached.

if there are any questions, feel free to contact me.

Sincérely yours,

27
Didericgxfdn Eyl

Counsel, Intellectual Property Law
Law and Intellectual Property Department

Enclosure

/sl
S:\Law Shared\SHARED\DVE\PATENTS\8268PCT\Response to Invitation to correct.doc

‘)Q
LANXESS

Energizing Chemistry

June 9, 2005

Didenco van EW

Law and Intalectual Property
Department

111 RIDC Park West Dnve
Pisburgh, PA 15275-1112

Phone 412-809-2231
Fax 412-809-1054



PATENT COOPERATION TREAT

From the RECETVING OFFICE
To: P C T
DIDERICO VAN EYL
LANXESS CORPORATION
LAW & INTELLECTUAL PROPERTY COMMUNICATION IN CASES FOR WHICH
DEPARTMENT NO QTHER FORM IS APPLICABLE
111 RIDC PARK WEST DRIVE
PITTSBURGH, PENNSYLVANIA 15275-1112
Date of mailing
{dayfmonthvpear) 19 May 2005
Appliugl'l or agent’s filc reference REFLY DUE
CH-8269PCT Sce paragraph 1 below
International applicafian No. Internahonal filing date
PCT/US2005/013333 {daylonth/yeor) 19 Apr 2005
Apphicant
LANXESS CORPORATION
1 [¥] REPLY DUE within | montwées from the above dats of masling

|:| NO REPLY DUE, however, see below

El IMPORTANT COMMUNICATION

D INFORMATION ONLY

2. COMMUNICATION:

Claim number 21 appears iwics, plaasse clanfy

Name and mailing address of the receiving Office
Ml Stop PCT, Comumussicner for Patents
P.O. Box 1450, Alexandrin, VA 22313-1450

Facsimile No  703-305-3230

Authorized officer

Manlyn Younger “\l\

Telephone No. 703-308-9290 EX 110

Form PCT/RO/132 (July 1992, repnat Jamnary 2004)

A
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CH-8269
-13-
(c) forming a web from the paper stock;

wherein the acrylamide component, the cationic co-monomer
component, the multifunctional crossiinking monomer component, and the
cellulose reactive agent component are in an amount sufficient to produce
a polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process.

19. The method of Claim 17, wherein the polymer is added to the
fiber fumish with papermaking pH ranging from 4 to 10.

20. The method of Claim 17, wherain the polymer is added to the
fiber fumish with papermaking pH ranging from 4 io 8.

21. The method of Claim 17, wherein the polymer is added to the
fiber fumnish at a dose ranging from (0.25 to 10 kg/ metric ton) dry polymer
solids based on dry fiber.

22. The paper resultant from process of Claim 17.

23. The process of Claim 17, wherein the web formed from the

) paper stock exhibits a dry strength that is at least 15% more, as compared

to a web made during a process that does not use a polymer with a doubly
structured backbone.

24. The process of Claim 23, wherein the dry strength is
from 15 to 30% more, as compared to a web made during a process that
does not use a polymer with a doubly structured backbone.

25_ The process of Claim 17, wherein the web formed from the
paper stock exhibits a wet strength that is at least 15% more, as compared
to a web made during a process that does not use a polymer with a doubly
structured backbone.

26. The process of Claim 17, wherein the web formed from the
paper stock exhibits a wet strength that is at least 15 to 30% more, as
compared to a web made during a process that does not use a polymer
with a doubly structured backbone.



JATENT COOPERATION TREATY ° PCT/US2005/013333

From the INTERNA'T:UNAL BUREAU 6&
PCT *
NOTIFICATION CONCERNING mi‘ csEsYé-‘-, Dldu:::

\

OF PRIORITY DOCUMENT 111 RIDC Park West Dnive
Pitsburgh, PA 15275-1112
ETATS-UNIS D'AMERIQUE

{PCT Admimstrative Instructions, Section 411)

Date of mmhing (day/month/year)
16 June 2005 (16 06 2005) g_"\c.

Apphcant’s or agent’s file reference IMPORTANT NOTIFICATION ~
CH-8269PCT

International application No International filng date (day/month/year}
PCT/US2005/013333 19 April 2005 (19 04.2005)

International publication date (day/month/vear) Prionity date (day/month/year)

‘ 08 July 2004 (08.07 2004)
Apphicant

LANXESS CORPORATION et al

1 By means of this Form, which replaces any previously issued notification concerming subrmssion or transmuttal of pnonty
documents, the applicant 15 hereby notified of the date of receipt by the Intemational Bureau of the prionty document(s)
relating 1o all earher application(s) whose prionty i1s clamed Unless otherwise mdicated by the letters “NR", m the
night-hand cotumn or by en astensk appearng next to a date of receipt, the pnonty document concerned was subnutted or
transrutted to the Intemational Bureau in compliance with Rule 17 1(a) or (b)

2 (If apphcable) The letters “NR" appearing in the night-hand column denote a priority document which, on the daie of
mailing of this Form, bad not yet been received by the International Bureau under Rule 17 1(a) or (b) Where, under
Rule 17 I1(a), the pnonty document must be submetted by the applicant to the receiving Office or the International Bureau,
but the apphcant fals to submt the prionty document within the spplicable time limut under that Rule, the attention of the
apphcant Is directed to Rule 17 1(c) which provides that no designated Office may disregard the pnonty clamm concerned
before giving the applicant en opportunity, upon entry mto the nationat phase, to furmish the pnionty document within a time
lirit which 15 reasonable under the circumstances

. 3 (If apphcable)An asterisk (*) appearing next to a dete of receipt, m the nght-hand colurmm, denotes a priority decument

submitted or transmitted to the International Burean but not In compliance with Rule 17.1(2) or (b) (the pnonty
document was received after the trme lumt prescnbed in Rule 17.1(g) or the request to prepare and transnut the priomty
document was submutted to the recerving Office after the applicable time hirut under Rule 17 1(b)) Even though the prionty
document was not furmished in compliance with Rule 17 1{a) or (b), the Intemational Bureau will nevertheless transnut a
copy of the document to the designated Offices, for ther consideration In case such a copy 1s not accepted by the designated
Office as the pnonty document, Rule 17 1{c) provides that no designated Office may disregard the pnonty clam concerned
before giving the applicant an opportunity, upon entry nto the national phase, to furnish the pnonty document within a time
limut which s reasonable under the circumstances

Poonty date Enonty appheaton No.  Cauntry or regianal Office Date of recaipt
or PCT receiving Office of_poanty document,
08 July 2004 (08 07 2004} 60/560,394 us 26 May 2005 (26 05 2005)
[ P I ~ |
D) EGElv ¢
N |
JUL -1 2005
The Intermational Bureau of WIPQ Authonized officer
34, chenun des Colombettes . lNTELLE(--;TUJ‘\L PROPERTY
1211 Geneva 20, Switzerland Sylvie Poupel DEPARTH:ENT
Facsirule No (41-22) 338 70 80 T
Facsimule No +41 22 338 82 70 Telephone No +41 22 338 80%4
Form PCT/IB/304 (January 200{d) CHE)Z2WC

. 5%
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i From the INTERNATIONAL SEARCHING AUTHORITY

roa

pr—
-

| - i 25505 .
LANXESS CORPORATION THET,?TEF GATIONIOF TRANSME,Q')' 0, AND-
i Law & Intellectual Property Dept. THE WRI %b N:ON.OF THE INTERNAHC_)r#IgL
: Attn. Van Eyl, Diderico SEARCHING AUTHORITY, OR THE DECLARATION
' 111 RIDC Park West Drive -
' Pittsburgh PA 15275-1112
i UNITED STATES OF AMERICA
' (PCT Rule 44.1)
1 Date of mading
. (dayimonthyear)  19/08/2005
I Appicant's or agent's file referance
Interational applicabon No Internabonal thing date
PCT/US2005/013333 (day/montt/vear) 19/04/2005
Apphcant

LANXESS CORPORATION

1 m The apphcant 1a hereby notfled that the intemational search report and the wntten cpmion of the Intematonal Searching
Authonty have been established and are transmitted herewith,

Filing of amendments and statement under Article 19:
The applicant 16 enbiied, if he 50 wishes, to amend the claims of the Intemational Apphcation (ses Rule 48}
When? The time bmit for filing such amendments 13 nomally 2 monthe from the date of transmmial of the
International Search Report; however, for more details, 626 the notes on the accompanying sheet.
Where? Directly to the International Bureau of WIPQ, 34 chemin des Colombettss
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 740 14 35
For more detailed instructions, see the notes on the accompanying sheet.

ft ———— - -

2 [ ] The appicant is hereby notified that no intemational saarch report will be established and that the declaration under
Articie 17(2){a) 10 that effact and the wntten opinion of the Intemabonal Searching Authonty are ransmitted herewth.

3 D With regard to the protest against payment of (an) addiional fee(s) under Rula 4).2, the applicant 13 nolified that

[} the protest together with the decislon thereon has been transmitied to the Intemational Bureau together with the
applicant's request to forward the texts of both the protast and the decision thereon to the desgnated Offices.

] nodecision has been made yet on the protest; the apphcant will be notfied as soon as a decleion 1s made.

4 Reminders
Shartly atter the expiration of 18 montha from the pricnty date, the intemational applicaton will be published by the
Intemational Bureau I the applicant wishes to avoid of postpone publication, a notice of withdrawal of the Intsmational
applcation, or of the prionty claim, must reach the Interational Bureaw as provided in Rules 30ius 1 and 90b/5.3, respectively,
before the completion of the technical preparations for mtematonal publicaton.

The applicant may submit comments on an informal basis on the written oplnion of the Intematonal Searching Authority 10 the
Intemational Bureau The Intemahonal Bureau will sand a copy of such comments 1o all desgnated Offices uniess an
Internabonal preliminary examinabon report has baen or 18 to ba establishad, These commeants would also be made available to
the public but not before the expiration of 30 monthy from the priorily date.

) Within 19 months from the pronty date, but only In respect of some demignated Otfices, a demand for intemational preiminary
1 examinaton must be filed if the applicant wiehes to postpone the entry intd the national phase untl 30 months from the pnonty
date (in some Offices aven later), ctherwise, the applicant must, within 20 months from the priority daie, perform the prescnbed
" acts for entry mio the national phasa before those designated Otfices.

In respact of other cesignated Offices, the me imil of 30 months (or later) will apply even if no demand Is filed withun 18
\ months

See the Annex to Farm PCT/IBV3M and, for detals about the applicable tme hrits, Otfice by Othca, see the PCT Appicant's
Gurds, Volume ll, National Chapiers and the WIPO Intemet site.

Name and mading address of the Intematonal Searching Authorty | Authonzed ofticer

“=\_European Patent Office, PB 5818 Patentlaan 2

NL-2280 HV Rijswijk Panayota Georgakopoulou
) Tel (+31-70) 340-2040, Tx 31 651 eponl,

Fax. (+31-70) 340-3016

Fom PCT/ISA/220 {January 2004) (See mmmmmmnmgmﬂ
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NOT TO FORM PCT/ISA/220

Theae Notes are intended to gtve the bama instrnuctiona conceming the filing of amendments under aricle 19 The
Notes are based on the requarements of the Patent Cooperation Treaty, the Regulabons and the Admmistrative Instructions
under that Tresaly In case of dscrepancy betwesn thass Nolea and those requrements, the iatier are applicable For more
detailed mtormation, ses also the PCT Appbcant’s Gude, a pubhcation of WIPO

i these Notes, “Arhicle”, "Fule®, and "Sechan® refer to theprovisions of the PCT, the PCT Reguistions and the PCT
Admmistrative Instructions respectively

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The appflicant haa, after having received the intemational search report, one opportunity to amend the olaims of the
mtematonal applicabon i should however be emphamzed that, since all paris of the inlemational application (clams,
descripbon and drawings) may be amended dunng the intemational praliminary sxaminshon procedurs, there is ususlly
no nead to file amendmenis of the clasms under Article 19 excepl where, ¢ g the applicant wanis the Istter to be published
for the purposes of provisional protaction or haa another reason for amending the ciums before intsmational pbulicetion.
Fusthermore, &t should be emphasized that provieonal protechion » avadable in some States only.

‘What paris of the Intemational application may be amended?
Under Arhicie 19, only the claims may be amended

Dunng the mismational phase, the cilsms may also be amanded (or further amended) under Arbale 34 before
the Intemalional Prefliminary Examimng Authority The descnplion and drawings may only be amended under
Article 34 before the Intemational Examning Authonty.

Upon enfry into the national phase, all parts of the intemnational applicalion may be amended under Aticle 28
or, whare applicable, Artide 41

When? Within 2 montha from the date of ranamitial of the miemational sassch report or 16 montha from the pnonty
date, winchever time hmit sxpires later It should bs noted, howsver, that the amendments wilt be considered
a2 having been recaived on tzme i they am recervad by the Intsmational Bureau after the expiration of the
spplioable time hmit but before the compistion of the technical preparahone for international publication

{Rule 46 1)

Whare not to file the amendments?

The amendments may only be filed with tha Intemational Bursau and not with the recenving Offios or the
intemational Searching Authonty (Rule 46 2)

Whare a demand for mtemational preliminary sxaminabon has bosn /s filed, see below

How? Esther by canceliing one or more enbre cema, by adding ons or more new clams or by amending the text of
one or more of the claims e fled,

A replacement sheet must ba submitied for each sheet of the dums wiwch, on account of an amendment or
amendments, differs from the aheet originally fled.

All the claims sppearmg an a replanemant sheet must be numbered m Arabio numerals. Where aclam »
canocelled, no renumbenng of the other clams is required. In all cases where claims are renumbered, they must
be renumbered consecutvely (Admunistraiive instruchiona, Sechon 205(b)).

The amendments must be made In the hnguage in which theinlomational application is to be published,

What documents must/may sccompany the amendments?
Letter {Seclion 205(b)):
The amendments must be submitted with a letter.

The letier will not be pubished with the mismabonal applicahon and the amended dema It should not be
confusad with the “Stalement under Article 19{1)" (see below, under “Statement under Arbele 19(1)7).

The lstter must be in English or French, at the choice of the spplicant. However, ¥ the language of
interational application is Engliah, the leiter must ba in English;  the language of the international
Is French, the letter must be In French.

Notes to Form PCTASA/220 (first sheet) (January 1994)

!
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TES TO FORM PCT/ISA/220 (continue

Tha lstter must mdicate the diftarences betwaen the clams as filed and the claims as amended & must, in
parbcular, ndicate, in connecbion with sach clam appeanng i the internabonal application (it bewng understood
that idenbcal ocdications concemmng several clams may be grouped],whather

i} the clam i unchanged;

@ the clam m cancalled,

(c) the clam = new;

{w) the olaim replaces one or more clams as filed;

{v) the clarn m the resuit of the dvmion of a clatm ms filed.

The following exampias Hlustraie the manner in which amendments mustbe expiained in the
accompanying lotter:

1 [Where originally there wers 48 claims and after amendment of some clama there are 51}
“Clams 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by amended clarms beanng the same numbers;
cdams 30, 33 and 36 unchanged, now clams 49 to 51 added.”

2  [Where originally there were 15 claims and after amendment of all claims there are 11)
*Clarmua t to 15 replaced by amended clams 1 to 11 *

3 [Whare onginally there wers 14 claims and the amendments consist m canceling some claims and in adding

nw clumes)
Clams ! o & and 14 unchanged; claima 7 to 13 cancefled, new claims 15, 16 and 17 added " or
“Claima 7 to 13 cancelied, new claimes 15, 18 and 17 added; all other claims unchanged *

4 [Where vanous kinds of amendmaents are made]:
*Clamms 1-10 unchanged, clammea 11 (o 13, 18 and 19 cancefled, olnmnﬂ.ﬁmdisnﬂmdby-mndod
dum 14, clam 17-ul:dm:bd:ﬂoamnd-ddmm 15,18 lnd17 new ctarms 20 and 21 added *

"Statemant under article 19{1}" (Rule 46.4)

The amsndmants may be accompanied by a statement explaning the amendmernts and ndicating any ompact
that such amendments might have on the descriphon and the drawings (which cannot be amended under
Ashile 13(1)) -

The statement will be publshed with the intematonal application and the amended clama.
R must bs In the language in which the intemnational appplication Is to be published.
R must ba brief, not exceeding 500 words if in English or if tranalatnd into Enghsh,

It should not be confused with and doos nat replace the letter indicating the differonces betwesn the clams
as fled and s amendad It must be fled on a separale sheet and must be idertified as such by a heading,
praferably by using the words "Statement under Article 15(1)."

It may not contain any disparaging comments on the mhmahomluudvnpatwﬂnmhnmoofelﬂom
conimned in that report Refarence to ciabons, misyent o & given ciasmn, contained in the iMlemabional search
report may be made only in cormection with an amendment of that clamm

Consequence If a damand for International preliminary sxamination has airesdy beon filad

i, at the teme of filing any amendments under Aricle 19, a demand for intermnabonal prelminary examination
has akeady been submilted, the applicant must preferably, at the same time of filing the amendments with the
intematonal Bureau, also file a copy of such amendments with the Intameational Prefiminary Examimng
Authorty (ses Rule 62 2(a), frst sentence)

Consequonce with regand to transialion of the international appiication for entry into the national phase

The apphcant's attention is drawn to the fact that, where upon eniry into the national phase, & translation of the
cdums s amended under Article 19 may have lo be furnished to the demgnated/elected Offices, instead of, or
in addbon to, the translabon of the daims as filed

g&m- detaila on the requrements of sach designated/elected Office, see Volums | of the PCT Apphcant’a

Notas to Form PCTASA220 (second sheet) (January 1994)
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PCT

INTERNATIONAL SEARCH REPORT

(PCT Amcle 18 and Rules 43 and 44)
Applicant's or agent's file reference FOR FURTHER see Form PCTASAZ220
CH-8269PCT ACTION as well as, where applicable, item § below.
Internabonal apphcaton No Intematonal filing date (day/mornthiyear) (Earliest) Pronty Date {gay/month/year)
PCT/US2005/013333 19/04/2005 08/07/2004
Apphcant

LANXESS CORPORATION

This International Search Report has been prepared by this Intematonal Searching Authonty and 1s transmited to the applicant
according to Aricle 18. A copy 15 being transmjtted to the Intemabonal Bureau,

This Intemational Search Report consists of a total of 03 shaeta.
[X] s aiso accompanied by a copy of sach prior art document cited in ths repost.

1 DBasls of the report
a With regard to the language, the intemabonal search was camed out on the bagia of the intermatonal apphcation in the
language in which f was filed, unlese otherwise Indicatad under this lem

The international search was camed oul on the basle of a translaton of the intemabonal application fumishad to
this Authonty (Rule 23 1(b}). '
b D With regard to any nucieohde and/or amino acid sequencae disclosed m the intemational applicaton, see Bax No. |

2. [] Certain clsims were found unsearchable (See Box It).
a. [[] unity of Invention Is lacking (see Box Ili).

4. With regard to the title,
E the text Is approved as submiited by the applicant
D the taxt has been established by this Authonty to read as follows:

5. With regard to the abstract,
[X]  the text s approved as submutted by the apphcant

the text has been established, according to Rule 38.2(b), by this Authonty as it appears in Box No. IV. The applicant
may, within one month from the date of malling of this intemabonal search report, submit comments to this Authonty.

6. With regard to the drawings,
a. thefigure of the drawings to be published with the abstract 1s Figure No.
[] assuggested by the appikcant.
D as selected by this Authority, because tha applicant falled o suggest a figure.
D as selected by this Authority, becausae this figure betisr characienzes the invention.
b. [[] none of the figures 18 1o be published with the abstract.

Form PCTASA210 (first sheet) {January 2004)
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. CLASSIFICATION OF SUBJECT MATTER
T 0Kk /00

Accordng to inlemahonal Patent Classification (IPC) or to both national classificahon and IPC

B. FIELDS SEARCHED

Mamum documentaton searched

IPC 7 D21H CoO8K

{classificaion system tolowed by dassiicaton symbols)

Documeniahon searched other thah mensmum documentation 10 the exient thal such documenis are meluded 10 the fiekds searched

Electronic data base consulied dumng the international search (name of dala base and, where practical, search lemms used)

EPQ-Internal, PAJ

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Crtation of documend, with mchcation, whare sppropnats, of tha slevanl passages Relevanl to daim No

A US 3 556 932 A (ANTHONY THOMAS COSCIA ET 1,7,13
AL) 19 January 1971 (1971-01-19)

cited in the application

column 6, 1ine 37 — line 50; claims 1,13;
exampies 1,10

A EP O 659 780 A (MITSUI TOATSU CHEMICALS, 1,8,13
INC) 28 June 1995 (1995-06-28)
page 5, line 19 - page 7, line 10
X WO 00/11046 A (HERCULES INCORPORATED) 1,3,7-9,
2 March 2000 (2000-03-02) 13,18
page 4, paragraph 5 -~ page 5, paragraph 3;
claims 1,11,17,19-21,34-39,55-59, 34;
examples 4,7-9

D Further documents are Asted i the cortinuation of box C

E Patent famy members are latad m annex

* Speaal calegones of cled documants

"A" documant definng the gonaral state of the art whuch (s not
conedered to ba of pariculer relevance

'E* earker docurneni but published on or after the nternational
fibng dale

‘L* document winch throw doubls on clam(s) or
which s citad to":gam the pubbm‘:"gén of nr(;)lhor
otahon or other spacial reason (as specifiad)

*Cr documsnt refermng to an oral disclosure, usa, &thibiion or
other means

‘P* documani publshed pnor fo the iInlemational filng date bul
later than the prionty dala clamned

*T* later documont publishad afterithe imemational fibng date

or pnorily date and nol in confhici with the applicabion but

atad to undersiand the principle or theory undaryng the
mvention

*X* documeni of pathicular refevance, the claimed nvention
cannot be consedered novel of cannot be considered 1
‘ nvolve an nventive step when the documeni & (akan alone

*Y* documeni of parlicular relavance, he claomed mentlon
cannol be conslderad 1o Involve an inventive slap when the
document B combined with one of more other such docu-
mmm mmmmlmhemmion person sloed
m the

*&" document mamber of the sama patent family

Do of the aciual completion of the inlernatlonal search Daty of maing of the Imemational search repoit
9 August 2005 19/08/2005
Name and meubng address of the ISA Authorzed officer
European Patent Offica, P B 5818 Palentlaan 2
NL - 2280 HV Raswik
Tel (+31-70) 340-2040, T 31 651 &po nl, Engel S
Fax. (+31-70) 340-3016 gel,
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INTERNATIONAL SEARCHING AUTHORITY PCTAS2005/013333

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the nternational application in
the language in which # was hiled, unless otherwise indicated under this tem.

0O This opinion has been established on the basis of a translaton from the onginal language into the following
fanguage , which is the language of a transiation furnished for the purposes of internationat search

{under Rules 12.3 and 23.1(b)).

2 With regard to any nucleotide and/or amino acid sequence disciosed in the international application and
necessary to the clamed invention, this opinion has been established on the basis of

a type of matenal:
O asequence hsting
O table(s) related to the sequence listing
b. format of material
C  m wniten format
O in computer readable form
c. time of filngfurnishmg
0 contained in the intemational application as filed.
O filed together with the international application in computer readable form.

O tumshed subsequently to this Authorty for the purposes of search.

3. 0 In addmion, in the case that more than one version or copy of a sequence histing andbr table relating thereto
has been filed or furished, the required statements that the information in the subsequent or addit:onal
copies Is identical to that in the application as filed or does not go beyond the application as filed, as

appropniate, were furnished
4. Additional comments:
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WRITTEN OPINION OF v..E Internatonal apphcaton No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2005013333

Box No.V Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1 Statement
Novelty {N) Yes: Claims
No: Clams 1,13,18,21,22
Inventive step (IS) Yes- Claims
No: Clams 1,13,18,21,22
Industnal applicability (IA) Yes: Clams 1-25

No Clams

2. Citatons and explanatons
s80 separate sheet
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WRITTEN OPINION OF THE imernational apphcatian No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2005/013333

D1: US-A-3 556 932 (ANTHONY THOMAS COSCIA ET AL) 19 January 1971 (1971-01-19)
D2 EP-A-0659 780 (MITSUI TOATSU CHEMICALS, INC) 28 June 1995 (1995-06-28)
D3: WO 00/11046 A (HERCULES INCORPORATED) 2 March 2000 (2000-03-02)

1 Novelty (Article 33(2) PCT)

1 1 Present Main Claims 1, 13, 18, 21, 21a and 22 describe a composition, a process, methods, a
product and another process relating to a paper stock addiive

1 2 D1 which has been cited by the Applicant in the Description, discloses (cf. claims 1, 13,
examples 1, 10 and col. 6, line 37-50) a cationic acrylamide polymer capable of being crosslinked
by glyoxal units Apart from ds use as a wet-strength improving paper stock additive, the polymer
does not contain the multifunctional crosslinking monomer of Claim 1.

13 D2 (ct. p.5, line 19 to p.7, line 10) discloses a crosslinking monomer containing strength
improving paper stock additive polymer of the anionic type.

1.4 D3 (cf. description, p.4, par 5 to p.5, par.3, claims 1,11,17,19-21,34-39,565-59 and exs. 4, 7-9)
discloses a polymer according to Claim 1, which may contain multi functonal crosslinker (cf. also
p.3, ine 29 to p.4, line 2) and, in addition, anionic units, which is not excluded by the present Main
Clams It 1s also used as a sirength improving paper stock additive.

1.5 Present Main Claims 1, 13, 18, 21, 21a and 22 do thus not appear to be novel in the sense of
Article 33(2) PCT.

2 inventive Step (Article 33(3) PCT)

Providing an amended main Claim which meets the requirements of Article 33(2) PCT, the
Applicant should relate the distinguishing feature to a surprising (unexpected) technical effect over
the prior art or make plausible that the distinguishing feature 1s not derivable from pnor art teaching

(Article 33(3) PCT).

3 Miscellaneous

3.1 The second Claim bearing the number 21 has been designated “21a" here above.

3.2 Although claims 13, 18, 21 and 22 have been drafted as separate independent claims, they
appear to relate effectively to the same subject-matter and to differ from each other only with regard
to the definition of the subject-matter for which protection is sought and/or in respect of the
terminology used for the features of that subject-matter. The aforementioned claims therefore lack

conciseness and as such do not meet the requirements of Article 6 PCT.

Form PCTASA/237 (Separate Sheet) (Sheet 1) (EPO-January 2004)
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HIGH-PERFORMANCE STRENGTH RESINS
IN PAPERMAKING INDUSTRIES

BACKGROUND

Chemical additives are typically used during papermaking
processes to improve the strength properties of paper and paperboard.
The primary purpose of such chemical additives is to enhance interfiber
bonding in the paper sheet.

There are many benefits to be gained from the use of
strength additives. Strength additives enable the papermaker to use less
pulp, less expensive pulp and/or more filler while making a sufficiently
strong, stiff and opaque paper product. in addition, refining can be reduced
while maintaining paper strength, resulting in energy savings and
increased production. Certain agents provide additional strength to paper
when wet. These agents are particularly important to paper grades such
as tissue, towel, board, curirency, and many others.

There are many different chemical additives that have been
utilized as strength additives. Conventional strength additives include
starch, vegetable gums, carboxymethyl cellulose, urea-formaldehyde
resins, melamine-formaldehyde resins, acrylamide copolymers and
polyamidoamine-epichlorohydrin resins.

U.S Patent No. 3,556,932 to Coscia discloses water-soluble
glyoxailated acrylamide copolymers as strength additives. The acrylamide
copolymers are prepared by the solution copolymerization of acrg}lamide
with a cationic monomer such as diallyldimethylammonium chioride. The
polymers are subsequently reacted with gl;roxal in a dilute, aqueous
solution to impart -CONHCHOHCHO functionalities onto the polymer and
to increase the molecular weight of the polymer through glyoxal cross-
links. The resulting resins are used extensively as dry strength and wet
strength additives in papermaking industries.

U.S Patent No. 3,311,594 discloses the manufacture and use of
polyamidoamine/epichlorohydrin (PAE) resins as wet strength additives for
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paper. The resins are prepared by reacting epichlorohydrin with
polyamidoamines. The PAE resins also irnpart limited dry strength to
paper. However, since the PAE resins impart vast wet strength to paper,
which results in papers containing these resins difficult to repulp, PAE
resins are unsuitable for use as dry strength resins in the production of

recyclable paper.
it would be beneficial to develop improved compositions and

methods for imparting dry strength to paper products.

SUMMARY

The invention relates to a composition comprising a functionalized
water-soluble, cationic, thermosetting, cellulose reactive polymer with a
doubly structured backbone that is the reaction product of: (a) a
copolymerized (i) acrylamide component, (ii) cationic co-monomer
component and (jii) at least one multifunctional crosslinking monomer
component; and (b) a cellulose reactive agent component; such that the
acrylamide component, the cationic co-monomer component, the
multifunctional crosslinking monomer component, and the cellulose
reactive agent component are in an amount sufficient amount to produce a
polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process. These and other
features, aspects, and advantages of the present invention will become
better understood with reference to the following description and
appended claims.

DESCRIPTION
The invention is based on the discovery that by adding a multifun-
ctional crosslinking monomer component during copolymerization of (i) an
acrylamide component, and (i) a cationic co-monomer component,
forming a structured backbone and then subjecting the resulting polymer
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to reaction with a cellulose reactive agent component and forming a
polymer with a doubly structured backbone, it is now possible to foorm a
polymer that has improved performance, as compared to a polymer that
does not have doubly structured backbone. This is a remarkable
discovery, because it would be unexpected that subjecting the backbone
to further structuring would affect the polymer’s performance.

As used herein, the term "multifunctional crosslinking monomer
component” includes bifunctional monomers as well as multifunctional
monomers.

Other than in the operaling examples or where otherwise indicated,
all numbers or expressions referring to quantities of ingredients, reaction
conditions, etc., used in the specification and claims are to be understood
as modified in all instances by the term “about.” Various numerical ranges
are disclosed in this patent application. Because these ranges are
continuous, they include every vaiue between the minimum and maximum
values. Unless expressly indicated otherwise, the various numerical
ranges specified in this application are approximations.

The acrylamide component includes those polymers formed frorn
acrylamide and/or methacrylamide or an acrylamide copolymer containing
acrylamide and/or methacrylamide as a predominant component among
all monomers making up the copolymer. When employed as a paper
strength agent, however, the acrylamide polymer preferably contains
acrylamide and/or methacrylamide in a proportion of 50 mole % or more,
or more particularly from 74 to 99.97 mole %, or from 94 to 99.98 mole %.

The amount of the acrylamide component generally ranges from 70
to 99%, based on the total weight of the copolymer. In one embodiment,
the acrylamide component ranges from 75 to 95%.

Up to about 10% by weight, of the acrylamide comonomer of the
structured polymers may be replaced by other comonomers
copolymerizable with the acrylamide. Such comonomers inciude acrylic

o2
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acid, acrylic ester such as ethyl acrylate, butyl acrylate, methyimeth-
acrylate, 2-ethylhexy! acrylate efc., acrylonitrile, N, N'-dimethyl acrylamide,
N-tert-butyl acrylamide, 2-hydroxylethyl acrylate, styrene, vinylbenzene
suifonic, vinyl pyrrolidon.

The cationic comonomer is generally any cationic comonomer,
which when used in accordance to the invention, produces a polymer in
accordance to the invention. Examples of suitable cationic co-monomers
include but are not limited to dially} dimethylammonium chloride,
acryloyloxytrimethylammonium chloride, methacryloyloxytrimethylam-
monium chloride, methacrylamidopropyt timethylammonium chioride, 1-
methacryloyl-4-methyl piperazine, and combinations thereof. The amount
of the cationic monomer generally ranges from 1 to 30%, or from 5to 25%
based on the total weight of the copolymer. The polymer may aiso be
rendered cationic through reaction of the acrylamide polymer such as the
Hofmann degradation.

The multifunctional crosslinking monomer component can vary.
Examples of suitable monomers include but are not limited to methylene-
bisacrylamide; methylenebismethacrylamide; triallylammonium chloride;
tetraallylammonium chioride; polyethyleneglycol diacryiate; polyethylene-
glycol dimethacrylate; N-vinyl acrylamide; divinylbenzene; tetra (ethylene
glycol) diacrylate; dimethylallylaminoethylacrylate ammonium chloride;
diallyloxyacetic acid, Na salt; diallyloctylamide; trimethyloipropane
ethoxylate triacrylate; N-allylacrylamide N-methylallylacrylamide, and
combinations thereof. The amount of the multifunctional crosslinking
component varies. Examples of suitable monomers can be found in
WO 97/18167 and U.S. Pat. No. 4,950,725, incorporated herein by
reference in its entirety.

In one embodiment, the amount is at least 20 ppm, e.g., from 20 to
20,000 ppm, or from 100 to 1,000 ppm based on the total weight of the
polymer.

gp
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The cellulose reactive agent component can be any agent, , which
when used in accordance to the invention, produces a polymer with a
doubly structured backbone, such that the polymer imparts strength to a
fibrous substrate when the polymer is added to paper stock during a
papemmaking process. Exampies of suitable cellulose reaclive agents
include and are not limited to the group consisting of glyoxal, glutaralde-
hyde, furan diaidehyde, 2-hydroxyadipaldehyde, succinaldehyde, dialde-
hyde starch, diepoxy compounds, and combinations thereof.

The use of the celiulose reactive agents imparts useful
functionalization to the polymers. Glyoxalation, for instance, of the
structured-branched polyacrytamide introduces CHO functionalities into
the polymer and also increases the molecular weight by introducing cross-
linking into the polymer structure. The structuring and branching of the
polymer may additionally effect the degree of glyoxalation and thereby, the
polymer performance. The glyoxalated structured-branched
polyacrylamides exhibit improvement of the properties of strength for
paper over the conventional glyoxalated polyacrylamides.

The amount of celiulose reactive agent can vary with application
and can range from 10 to 100%, or from 40 to 50% based on the total
weight of the backbone copolymer.

The molecular weight of the backbone can vary. In one embodi-
ment, the backbone has a molecular weight, prior to reaction with the
cellulose reactive agent component, ranging from 1,000 to 100,000
daltons, preferably 1,500 to 30,000 daltons. All molecular weights herein
are weight average.

The bulk viscosity of the copolymer can vary, depending on
application. Generally, the viscosity of the copolymer is in the range of 10-
5,000 cps, or more particularly from 150-500 cps at 40% total solids. The
chain transfer agent is used in the range of 0 to15%, preferred range from
0-10.0%, by weight, based on the total weight of the copolymer. The ratio
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of callulose reactive units to acrylamide units can range from 0.1-0.5:1.0,
respectively.

The chain transfer agent is an optional component and can include
any chain transfer agent, which when used in conjunction with the
invention, produces a doubly structured backbone, such that the polymer
imparts strength to a fibrous substrate when the polymer is added to paper
stock during a papermaking process. Examples of suitable transfer agents

~are selected from the group consisting of 2-mercaptoethanol; lactic acid;
isopropyl alcohol; thioacids; and sodium hypophosphite. Preferred chain
transfer agents are 2-mercaptoethanol, lactic acid, and isopropyl alcohol.
The amounts of transfer agent can vary. Generally, such a transfer agent
is present in an amount ranging from 0 to 15%, or more particularly from O
to 10%.

The polymers of the invention are cationic and made typically by
free radical polymerization. The cationicity of the polymer can vary. In one
embodiment, the polymer is cationic due to a polymer reaction such as the
Hofmann degradation. The polymers can include anionic and non-onic
functionalities and, as such, the polymers can include amphoteric
polymers.

The invention provides a process for making a polymer that
involves the steps of (a) copolymerizing an acrylamide component and a
cationic monomer component with at least one multifunctional crosslinking
monomer component, and thereby forming a structured cationic branched
polyacrylamide with a structured backbone; (b) reacting the structured-
branched polyacrylamide with a cellulose reactive agent component, and
thereby forming a functionalized water-soluble, cationic, thermosetting,
and cellulose reactive polymer with a doubly structured backbone; such
that the acrylamide component, the cationic co-monomer component, the
multifunctional crosslinking monomer component, and the cellulose ’
reactive agent component are in an amount sufficient to produce a
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polymer that imparis strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process. The artisan will
appreciate that the polymers of the invention can also contain anionic, and
nonionic groups. Controlling the level of crosslinker and, optionally, a
chain transfer agent, can control the degree of structuring, branching, and
molecular weight.

The process is cafried out in the presence of an initiator component
and a suitable solvent component under conditions that produce the water-
soluble, cationic, thermosetting, and cellulose reactive polymer. Any
conventional initiator may be employed to initiate polymerization, including
thermal, redox and uitraviolet radiation. Examples of suitable initiators
include and are not limited to azobisisobutyronitrile; sodium sulfite; sodium
melabisulfite; 2,2-azobis(2-methyl-2-amidinopropane) dihydrochloride;
ammonium persulfate and ferrous ammonium sulfate hexahydrate. In one
advantageous embodiment, ammonium persulfate / sodium metabisulfite,
and combinations thereof can be used. Organic peroxides may also be
employed for polymerizing ethylenically unsaturated monomers. A-
particularly preferred initiator for the purpose of this invention is
ammonium persulfate / sodium metabisuifite. See Modem Plastics
Encyclopedia/88, McGraw Hill, October 1987, pp. 165-168.

During functionalization, the solids of the backbone polymer can
differ. In one embodiment, the backbone polymer solids during functionati-
zation is from 4 to 15%, or more particularly from 5 to 10%.

The fibrous substrate is generally a paper sheet made from a suitable
paper slurry (fumish). The furnish from which the fibrous substrate is made
can include any fumish that produces a fibrous substrate suitable for this
invention. Furnishes, for instance, can include tissue fumishes, towel
fumishes, wet laid fumishes, virgin or recycle fumishes or treated
cellulosic fumishes. Depending on the application, the number of fibrous
substrates in a paper product can vary. The paper product can have more
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fibrous substrates, e.g., a two-ply paper product. In another embodiment, s
the paper product can have more than two fibrous substrates.
In use, the invention provides a method that involves the steps of -

(a) providing paper stock; (b) adding to the paper stock a functionalized
water-soluble, cationic, thermosetting, and cellulose reactive polymer that
is the reaction product of: (1) a copolymerized (i) acrylamide component,
(i) cationic co-monomer component and (iii) at least one multifunctional
crosslinking monomer component; and (2) a cellulose reactive agent
component; and (3) forming a web from the paper stock; such that the
acrylamide component, the cationic co-monomer component, the
multifunctional crosslinking monomer component, and the cellulose
reactive agent component are in an amount sufficient amount to produce a
polymer that imparis strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process.

The polymer can be added to a fumish at various papermaking
pHs, depending on the application. In one embodiment, the polymer is
added 1o the fiber furnish with papermaking pH ranging from 3 to 10. In
one embodiment, the pH ranges from 5to 7.

The benefits of cellulose reactive functionalized glyoxalated
structured polyacrylamides tend to be more visible in the strength of the
paper, particularly recycled paper. The glyoxalated structured
polyacrylamides are readily adsorbed to cellulose fiber at pH values within
the range of 3.0-8.0. The resins provide strength to paper by forming
hydrogen bonds and covalent bonds as well as ionic bonds with cellulose
fiber.

The amounts at which the compeosition of the invention is used can
also vary, depending on the application. In one embodiment, the polymer
is added to the fiber fumish at a dose of from 0.5 to 20 Ib/ton (0.25 - 10
kg/ metric ton), or more particularly from 2 to 13 Ib/ton (1 — 6.5 kg/ metric
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ton) dry polymer solids based on dry fiber. The artisan will appreciate that
these are guidelines and that the actually effective dosage of the resin
depends on the nature of the fumish and the conditions of the white water.

The invention provides previously unavailable advantages. The
improved dry strength additives of the invention, for iﬁstance. better enable
papermakers to use less pulp, iess expensive pulp and/or more filler while
making sufficiently strong, stiff and opaque paper product, as compared to
ordinary compositions and methods. In addition, refining can be reduced
while maintaining paper strength, resulting in energy savings and
increased production. The improved wet strength allows papermakers to
make higher wet strength paper or use lower chemical dosages incurring
cost sfficiencies and improved machine runnability.

Although the present invention has been described in detail with
reference to certain preferred versions thereof, other variations are
possible. Therefore, the spirit and scope of the appended claims should
not be limited to the description of the versions contained therein.
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WHAT IS CLAIMED |S:
1. A composition comprising a functionalized water-soluble, v

cationic, thermosetting, cellulose reactive polymer with a doubly structured
backbone that is the reaction product of:

(a) acopolymerized (i} acrylamide component, (ii) cationic co-
monomer component and (jii) at least one multifunctional crosslinking
monomer component; and

(b) acellulose reactive agent component; -

wherein the acrylamide component, the cationic co-monomer
component, the multifunctional crosslinking monomer component, and the
cellulose reactive agent component are in an amount sufficient amount to
produce a polymer that imparts strength to a fibrous substrate when the
polymer is added to paper stock during a papermaking process.

2. The polymer of Claim 1, wherein the acrylamide component
ranges from 70 to0 99%.

3. The polymer of Claim 1, where the cationic comonomer
ranges from 1 to 30%, based on the total weight of the copolymer.

4. The polymer of Claim 1, wherein the multifunctional
crosslinking monomer component ranges from 20 to 20,000 ppm, based
on the total weight of the polymer.

9. The polymer of Claim 1 wherein the cellulose reactive agent
component ranges from 10 to 100%, based on the total weight of the
backbone.

6. The polymer of Claim 1, wherein the acrylamide component
is selected from the group consisting of acrylamide, methacrylamide, and
combinations thereof.

7. The polymer of Claim 1, wherein the cationic co-monomer is
selected from the group consisting of diallyl dimethylammoniurn chloride,
acryloyloxytrimethylammonium chloride, methacryloyloxytrimethylam
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monium chloride, methacrylamidopropyl trimethylammonium chloride, 1-
methacryloyl-4-methy! piperazine, and combinations thereof.

8. The polymer of Claim 1, wherein the multifunctional
crosslinking monomer component is selected friom the group consisting of
methylenebisacrylamide; methylenebismethacrylamide; triallylammonium
chioride; tetraallytammonium chloride; polyethyleneglycol diacrylate;
polyethyleneglycol dimethacrylate; N-vinyl acrylamide; divinylbenzene;
tetra (ethylene glycol) diacrylate; dimethylallylaminoethylacrylate
ammonium chloride; diallyloxyacetic acid, Na salt; diallyloctylamide;
trimethylolpropane ethoxylate triacrylate; N-allylacrylamide N-methylal-
Iiacrylamide, and combinations thereof.

9. The polymer of Claim 1, wherein the cellulose reactive
component is selected from the group consisting of glyoxal,
glutaraldehyde, furan dialdehyde, 2-hydroxyadipaldehyde,
succinaldehyde, dialdehyde starch,diepoxy compounds, and combinations
thereof.

10.  The polymer of Claim 1, wherein the backbone has a
molecular weight, prior to reactionrwith the cellulose reactive agent
component, ranging from 1,000 to 100,000 daltons.

11.  The polymer of Claim 1, wherein the backbone further
comprises a chain transfer agent in the amount ranging from 0 to 15%.

12. The polymer of Claim 11, wherein the chain transfer agent is
selscted from the group consisting of 2-mercaptoethanol; lactic acid;
isopropyl alcohol; thioacids; sodium hypophosphite, and combinations
thereof.

13. A process for making a polymer comprising:

(a) copolymerizing an acrylamide component and a cationic
monomer component with at least one multifunctional crosslinking
monomer compenent, and thereby forming a structured cationic branched
polyacrylamide with a structured backbone;
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(b) reacting the structured-branched polydcrylamide with a
cellulose reactive agent component, and thereby forming a functionalized '
water-soluble, cationic, thermosetting, and cellulose reactive polymer with
a doubly structured backbone;

wherein the acrylamide component, the cationic co-monomer
component, the multifunctional crosslinking monomer component, and the
cellulose reactive agent component are in an amount sufficient amount to
produce a polymer that imparts strength to a fibrous substraté when the
polymer is added to paper stock during a papermaking process.

14. The process of Claim 13, wherein the solution polymerization
is carmied out in the presence of a chain transfer agent.

15. The process of Claim 13, wherein the backbone polymer
solids during functionalization is from 4 to 15%.

16. The process of Claim 13, wherein the initiator is selected
from the group consisting of azobisisobutyronitrile; sodium sulfite; sodium
metabisulfite;2,2'-azobis(2-methyl-2-amidinopropane) dihydrochloride;
ammonium persulfate, ferrous ammonium sutfatehexahydrate, sodium
metabisulfite, and combinations thereof.

17.  The process of Claim 13, wherein the polymer is cationic due
to polymer reaction such as the Hofmann degradation rather than through
use of a cationic comonomer.

18. A method comprising:

(a) providing paper stock;

(b) adding to the paper stock a functionalized water-soluble,
cationic, thermosetting, and cellulose reactive polymer that is the reaction
product of:

(1)  a copolymerized (i) acrylamide component, {ii) cationic
co-monomer component and (iii) at least one muitifunctional crossfinking
monomer component; and

(2) a cellulose raactive agent component; and
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(c) forming a web from the paper stock;

wherein the acrylamide component, the cationic co-monomer
component, the multifunctional crosslinking monomer component, and the
cellulose reactive agent component are in an amount sufficient to produce
a polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papernmaking process.

19. The method of Claim 17, wherein the polymer is added to the
fiber fumish with papermaking pH ranging from 4 fo 10.

20. The method of Claim 17, wherein the polymer is added to the
fiber fumish with papermaking pH ranging from 4 io 8.

21. The method of Claim 17, wherein the polymer is added to the
fiber fumish at a dose ranging from (0.25 to 10 kg/ metric ton) dry polymer
solids based on dry fiber.

21.  The paper resultant from process of Claim 17.

22. The process of Claim 17, wherein the web formed from the
paper stock exhibits a dry strength that is at least 15% more, as compared
{o a web made during a process that does not use a polymer with a doubly
structured backbone.

23. The process of Claim 22, wherein the dry strength is
from 15 to 30% more, as compared to a web made during a process that
does not use a polymer with a doubly structured backbone.

24, The process of Claim 17, wherein the web formed from the
paper stock exhibits a wet strength that is at least 15% more, as compared
to a web made during a process that does not use a polymer with a doubly
structured backbone.

25. The process of Claim 17, wherein the web formed from the
paper stock exhibits a wet strength that is at least 15 to 30% more, as
compared to a web made during a process that does not use a polymer
with a doubly structured backbone.

PCT/US2005/013333
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HIGH-PERFORMANCE STRENGTH RESINS
IN PAPERMAKING INDUSTRIES

BACKGROUND

Chemical additives are typically used during papemaking
processes to improve the strength properties of paper and paperboard.
The primary purpose of such chemical additives is to enhance interfiber
bonding in the paper sheet.

There are many henefits to be gained from the use of
strength additives. Strength additives enable the papermaker to use less
pulp, less expensive pulp and/or more filler while making a sufficiently
strong, stiff and opaque paper product. In addition, refining can be reduced
while maintaining paper strength, resulting in energy savings and
increased production. Certain agents provide additional strength to paper
when wet. These agents are particularly important to paper grades such
as tissue, towel, board, currency, and many others.

There are many different chemical additives that have been
utilized as strength additives. Conventional strength additives include
starch, vegetable gums, carboxymethyl cellulose, urea-formaldehyde
resins, melamine-formaldehyde resins, acrylamide copolymers and
polyamidoamine-epichlorohydrin resins.

U.S Patent Na. 3,556,932 to Coscia discloses water-soluble
glyoxalated acrylamide copolymers as strength additives. The acrylamide
copolymers are prepared by the solution copolymerization of acrylamide
with a cationic monomer such as diallyldimethylammonium chloride. The
polymers are subsequently reacted with glyoxal in a dilute, aqueous
solution to impart -CONHCHOHCHO functionalities onto the polymer and
to increase the molecular weight of the polymer through glyoxal cross-
links. The resulting resins are used extensively as dry strength and wet
strength additives in papermaking industries.

U.S Patent No. 3,311,594 discloses the manufacture and use of
polyamidoamine/epichlorohydrin (PAE) resins as wet strength additives for
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paper. The resins are prepared by reacting epichlorohydrin with
polyamidoamines. The PAE resins also impart limited dry strength to
paper. However, since the PAE resins impart vast wet strength to paper,
which results in papers containing these resins difficult to repulp, PAE
resins are unsuitable for use as dry strength resins in the production of
recyclable paper.

It would be beneficial to develop improved compositions and
methods for imparting dry strength to paper products.

SUMMARY

The invention relates to a composition comprising a functionalized
water-soluble, cationic, thermosetting, cellulose reactive polymer with a
doubly structured backbone that is the reaction product of: (a) a
copolymerized (i) acrylamide component, (i} cationic co-monomer
component and (iii} at least one muitifunctional crosslinking monomer
component; and (b) a cellulose reactive agent component; such that the
acrylamide component, the cationic co-monomer component, the
multifunctional crosslinking monomer component, and the cellulose
reactive agent component are in an amount sufficient amount to produce a
potymer that imparts strength to a fibrous substrate when the polymeris
added to paper stock during a papemmaking process. These and other
features, aspects, and advantages of the present invention will become
better understood with reference to the following description and
appended claims.

DESCRIPTION
The invention is based on the discovery that by adding a multifun-
ctional crosslinking monomer component during copolymerization of (i) an
acrylamide component, and (ji) a cationic co-monomer component,
forming a structured backbone and then subjecting the resulting polyrmer

25
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to reaction with a cellulose reactive agent component and forming a
polymer with a doubly structured backbone, it is now possible to form a
polymer that has improved performance, as compared to a polymer that
does not have doubly structured backbone. This is a remarkable
discovery, because it would be unexpected that subjecting the backbone
to further structuring would affect the polymer's performance.

As used herein, the term “multfunctional crosslinking monomer
component” includes bifunctional monomers as well as multifunctional
monomers.

Other than in the operating examples or where otherwise indicated,
all numbers or expressions referring to quantities of ingredients, reaction
conditions, etc., used in the specification and claims are to be understood
as modified in all instances by the term “about.” Vanous numerical ranges
are disclosed in this patent application. Because these ranges are
continuous, they include every value between the minimum and maximum
values. Unless expressly indicated otherwise, the various numerical
ranges specified in this application are approximations.

The acrylamide component includes those polymers formed from
acrylamide and/or methacrylamide or an acrylamide copolymer mntairﬁng
acrylamide and/or methacrylamide as a predominant component among
all monomers making up the copolymer. When employed as a paper
strength agent, however, the acrylamide polymer preferably contains
acrylamide and/or methacrylamide in a proportion of 50 mole % or more,
or more particularly from 74 to 99.97 mole %, or from 94 to 99.98 mole %.

The amount of the acrylamide component generally ranges from 70
to 99%, based on the total weight of the copolymer. In one embodiment,
the acrylamide component ranges from 75 to 95%.

Up to about 10% by weight, of the acrylamide comonomer of the
structurad polymers may be replaced by other comonomers
copolymerizable with the acrylamide. Such comonomers include acrylic

&Y
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acid, acrylic ester such as sthyl acrylate, butyl acrylate, methylmeth-
acrylate, 2-ethylhexyl acrylate etc., acrylonitnle, N, N'-dimethyl acrylamide,
N-tert-butyl acrylamide, 2-hydroxylethyl acrylate, styrene, vinylbenzene
sulfonic, vinyl pyrrolidon.

The cationic comonomer is generally any cationic comonomer,
which when used in accordance to the invention, produces a polymer in
accordance to the invention. Exampiles of suitable cationic co-monomers
include but are not limited to diallyl dimethylammonium chloride,
acryloyloxytrimethylammonium chioride, methacryloyloxytrimethytam-
monium chloride, methacrylamidopropyl trimethylammonium chioride, 1-
methacryloyl-4-methyl piperazine, and combinations thereof. The amount
of the cationic monomer generally ranges from 1 to 30%, or from 5 to 25%
based on the total weight of the copolymer. The polymer may also be
rendered cationic through reaction of the acrylamide polymer such as the
Hofmann degradation.

The multifunctional crosslinking monomer component can vary.
Examples of suitable monomers include but are not limited to methylene-
bisacrylamide; methylenebismethacrylamide; triallylammonium chloride;
tetraallylammonium chloride; polyethyleneglycaol diacrylate; polyethylene-
glycol dimethacrylate; N-vinyl acrylamide; divinylbenzene; tetra (ethylene
glycol} diacrylate; dimethylaltylaminoethylacrylate ammonium chioride;
diallyloxyacetic acid, Na salt, diallyloctylamide; trimethylolpropane
ethoxylate triacrylate; N-allylacrylamide N-methylallylacrylamide, and
combinations thereof. The amount of the multifunctional crosslinking
component varies, Examples of suitable monomers can be found in
WO 97/18167 and U.S. Pat. No. 4,950,725, incorporated herein by
reference in its entirety.

in one embodiment, the amount is at least 20 ppm, e.g., from 20 to
20,000 ppm, or from 100 to 1,000 ppm based on the total weight of the
polymer.
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The cellulose reactive agent component can be any agent, , which
when used in accordance to the invention, produces a polymer with a
doubly structured backbone, such that the polymer imparts strength to a
fibrous substrate when the polymer is added to paper stock during a
papermaking process. Examples of suitable cellulose reactive agents
include and are not limited to the group consisting of glyoxal, glutaralde-
hyde, furan dialdehyde, 2-hydroxyadipaldehyde, succinaldehyde, dialde-
hyde starch, diepoxy compounds, and combinations thereof. '

The use of the cellulose reactive agents imparts useful
functionalization to the polymers. Glyoxalation, for instance, of the
structured-branched polyacrylamide intfroduces CHO functionalities into
the polymer and also increases the molecular weight by introducing cross-
linking into the polymer structure. The structuring and branching of the
polymer may addstionally effect the degree of glyoxalation and thereby, the
polymer performance. The glyoxalated structured-branched
polyacrylamides exhibit improvement of the properties of strength for
paper over the conventional glyoxalated polyacrylamides.

The amount of cellulose reactive agent can vary with application
and can range from 10 to 100%, or from 40 to 50% based on the total
waeight of the backbone copolymer.

The molecular weight of the backbone can vary. In cne embodi-
ment, the backbone has a molecular weight, prior to reaction with the
cellulose reactive agent component, ranging from 1,000 to 100,000
daltons, preferably 1,500 to 30,000 daltons. All molecular weights herein
are weight average.

The bulk viscosity of the copolymer can vary, depending on
application. Generally, the viscosity of the copolymer is in the range of 10-
5,000 cps, or more particularly from 150-500 cps at 40% total solids. The
chain transfer agent is used in the range of 0 to15%, preferred range from
0-10.0%, by weight, based on the total weight of the copolymer. The ratio
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of cellulose reactive units to acrylamide units can range from 0.1-0.5:1.0,
respectively.

The chain transfer agent I1s an optional component and can include
any chain transfer agent, which when used in conjunction with the
invention, produces a doubly structured backbone, such that the polymer
imparts strength to a fibrous substrate when the polymer is added to paper
stock during a papemaking process. Examples of suitable transfer agents
are selected from the group consisting of 2-mercaptoethanol; lactic acid;
isopropyt alcohol; thicacids; and sodium hypophosphite. Preferred chain
transfer agents are 2-mercaptoethanol, lactic acid, and isopropyl alcohol.
The amounts of transfer agent can vary. Generally, such a transfer agent
is present in an amount ranging from 0 to 15%, or more particularly from O
to 10%

The polymers of the invention are cationic and made typically by
free radical polymenzation. The cationicity of the polymer can vary. In one
embodiment, the polymer is cationic due to a polymer reaction such as the
Hofmann degradation. The polymers can include anionic and non-ionic
functionalities and, as such, the polymers can include amphoteric
polymers

The invention provides a process for making a polymer that
involves the steps of (a) copolymerizing an acrylamide component and a
cationic monomer component with at least one multifunctional crosslinking
monomer component, and thereby forming a structured cationic branched
polyacrylamide with a structured backbone; (b) reacting the structured-
branched polyacrylamide with a cellulose reactive agent component, and
thereby forming a functionalized water-soluble, cationic, thermosetting,
and cellulose reactive polymer with a doubly structured backbone; such
that the acrylamide component, the catonic co-menomer component, the
multifunctional crosslinking monomer component, and the cellulose
reactive agent component are in an amount sufficient to produce a
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polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process. The artisan will
appreciate that the polymers of the invention can also contain anionic, and
nonionic groups. Controlling the level of crosslinker and, optionally, a
chain transfer agent, can control the degree of structuring, branching, and
molecular weight

The process is caried out in the presence of an intiator component
and a suitable solvent component under conditions that produce the water-
soluble, cationic, thermosetting, and cellulose reactive polymer. Any
conventional intiator may be employed to initiate polymerization, including
thermal, redox and ultraviolet radiation. Examples of suitable initiators
include and are not limited to azobisisobutyronitrile; sodium sulfite; sodium
metabisulfite;2,2'-azobis(2-methyl-2-amidinopropane) dihydrochioride;
ammonium persulfate and ferrous ammonium sulfate hexahydrate. in one
advantageous embodiment, ammonium persulfate / sodium metabisulfite,
and combinations thereof can be used. Organic peroxides may also be
employed for polymerizing ethylenically unsaturated monomers. A
particularly preferred initiator for the purpose of this invention is
ammonium persulfate / sodium metabisulfite. See Modem Plastics
Encyclopedia/88, McGraw Hill, October 1987, pp. 165-168.

During functionalization, the solids of the backbone polymer can
differ. In one embodiment, the backbone polymer solids during functionali-
zation 1s from 4 to 15%, or more particularly from 5 to 10%.

The fibrous substrate is generally a paper sheet made from a suitable
paper slurry (furnish). The fumish from which the fibrous substrate is made
can include any furnish that produces a fibrous substrate suitable for this
invention. Furmishes, for instance, can include tissue fumishes, towel
furnishes, wet laid fumnishes, virgin or recycle furnishes or treated
cellulosic fumishes. Depending on the application, the number of fibrous
substrates in a paper product can vary. The paper product can have more
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than one fibrous substrate. In one embodiment, the paper product has two
fibrous substrates, e.g , a two-ply paper product. In another embodiment,
the paper product can have more than two fibrous substrates.

In use, the invention provides a method that involves the steps of
(a) providing paper stock; (b) adding to the paper stock a functionalized
water-soluble, cationic, thermosetting, and cellulose reactive polymer that
is the reaction product of: (1) a copolymerized (i) acrylamide component,
(ii) cationic co-monomer component and (i) at least one multifunctional
crosslinking monomer component; and (2) a cellulose reactive agent
component; and (3) forming a web from the paper stock; such that the
acrylamide component, the cationic co-monomer component, the
muttfunctional crosslinking monomer component, and the cellulose
reactive agent component are in an amount sufficient amount to produce a
polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process.

The polymer can be added to a fumish at various papermaking
pHs, depending on the application In one embodiment, the polymer is
added to the fiber fumish with papermaking pH ranging from 3 to 10. In
one embodiment, the pH ranges from Sto 7.

The benefits of cellulose reactive functionalized glyoxalated
structured polyacrylamides tend to be more visible in the strength of the
paper, particularly recycled paper The glyoxalated structured
polyacrylamides are readily adsorbed to cellulose fiber at pH values within
the range of 3.0-8.0. The resins provide strength to paper by forming
hydrogen bonds and covalent bonds as well as ionic bonds with cellulose
fiber.

The amounts at which the composition of the invention is used can
also vary, depending on the application. in one embodiment, the polymer
is added to the fiber furnish at a dose of from 0.5 to 20 Ibfton (0.25 — 10
kg/ metric ton), or more particularly from 2 to 13 Ib/ton (1 - 6.5 kg/ metric
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ton) dry polymer solids based on dry fiber. The artisan will appreciate that
these are guidelines and that the actually effective dosage of the resin
depends on the nature of the fumish and the conditions of the white water.

The invention provides previously unavailable advantages. The
improved dry strength additives of the invention, for instance, better enable
papermakers to use less pulp, less expensive pulp and/or more filler while
making sufficiently strong, stiff and opaque paper product, as compared to
ordinary compositions and methods. In addition, refining can be reduced
while maintaining paper strength, resuiting in energy savings and
increased production. The improved wet strength allows papermakers to
make higher wet strength paper or use lower chemical dosages incurring
cost efficiencies and improved machine runnability.

Although the present invention has been described in detail with
reference to certain preferred versions thereof, other variations are
possible. Therefore, the spirit and scope of the appended claims should
not be limited to the description of the versions contained therein.
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WHAT IS CLAIMED iS:
1. A composition comprising a functionalized water-soluble,

cationic, thermosetting, cellulose reactive polymer with a doubly structured
backbone that is the reaction product of:

(a) a copolymerized (i) acrylamide component, (ji) cationic co-
monomer component and (jii) at least one multifunctional crosslinking
monomer component; and

{b) acellulose reactive agent component;

wherein the acrylamide component, the cationic co-monomer
component, the muitifunctional crosslinking monomer component, and the
cellulose reactive agent component are in an amount sufficient amount to
produce a polymer that imparts strength to a fibrous substrate when the
polymer is added to paper stock dunng a papemmaking process.

2. The polymer of Claim 1, wherein the acrylamide component
ranges from 70 to 99%.

3. The polymer of Claim 1, where the cationic comenomer
ranges from 1 to 30%, based on the total weight of the copolymer.

4, The polymer of Claim 1, wherein the multifunctional
crosslinking monomer component ranges from 20 to 20,000 ppm, based
on the total weight of the polymer

5. The polymer of Claim 1 wherein the cellulose reactive agent
component ranges from 10 to 100%, based on the total weight of the
backbone.

6. The polymer of Claim 1, wherein the acrylamide component
is selected from the group consisting of acrylamide, methacrylamide, and
combinations thereof.

7. The polymer of Claim 1, wherein the cationic co-monomer Is
selected from the group consisting of diallyl dimethylammonium chloride,
acryloyloxytrimethytammonium chloride, methacryloyloxytrimethylam
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monium chloride, methacrylamidopropyl trimethylammonium chloride, 1-
methacryloyl-4-methyl piperazine, and combinations thereof.

8. The polymer of Claim 1, wherein the multifunctional
crosslinking monomer component is selected frlom the group consisting of
methytenebisacrylamide; methylenebismethacrylamide; trialiylammonium
chioride; tetraallylammonium chloride; polyethyleneglycol diacrylate;
polyethyleneglycol dimethacrylate; N-vinyl acrylamide; divinylbenzene;
tetra (ethylene glycol) diacrylate; dimethylallylaminoethylacrylate
ammonium chloride; diallyloxyacetic acid, Na salt; diallyloctylamide;
rimethylolpropane ethoxylate triacrylate; N-allylacrylamide N-methylal-
lylacrylamide, and combinations thereof.

Q. The polymer of Claim 1, wherein the cellulose reactive
component 1s selected from the group consisting of glyoxal,
giutaraldehyde, furan dialdehyde, 2-hydroxyadipaldehyde,
succinaldehyde, dialdehyde starch,diepoxy compounds, and combinations
thereof.

10. The polymer of Claim 1, wherein the backbone has a
molecular weight, prior to reaction with the cellulose reactive agent
component, ranging from 1,000 to 100,000 daltons.

11.  The polymer of Claim 1, wherein the backbone further
comprises a chain transfer agent in the amount ranging from 0 to 15%.

12. The palymer of Claim 11, wherein the chain transfer agent is
selected from the group consisting of 2-mercaptoethanol; lactic acid;
isopropyl alcohol; thioacids; sodium hypophosphite, and combinations
thereof.

13. A process for making a polymer comprising:

(a}) copolymenzing an acrylamide component and a cationic
monomer component with at least one multifunctional crosslinking
monomer component, and thereby forming a structured cationic branched
polyacrylamide with a structured backbone;
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{b) reacting the structured-branched polyacrylamide with a
cellulose reactive agent component, and thereby forming a functionalized
water-soluble, cationic, themmosetting, and cellulose reactive polymer with
a doubly structured backbone;

wherein the acrylamide component, the cationic co-monomer
component, the multifunctional crosslinking monomer component, and the
cellulose reactive agent component are in an amount sufficient amount to
produce a polymer that imparts strength to a fibrous substrate when the
polymer is added to paper stock during a papermaking process.

14,  The process of Claim 13, wherein the solution polymerization
1s carmried out in the presence of a chain fransfer agent.

15.  The process of Claim 13, wherein the backbone polymer
solids during functionahzation is from 4 to 15%.

16.  The process of Claim 13, wherein the initiator is selected
from the group consisting of azobisisobutyronitrile; sodium sulfite; sodium
metabisulfite;2,2'-azobis(2-methyl-2-amidinopropane) dihydrochlonde;
ammonium persulfate, ferrous ammonium sulfatehexahydrate, sodium
metabisulfite, and combinations thereof.

17.  The process of Claim 13, wherein the polymer is cationic due
to polymer reaction such as the Hofmann degradation rather than through
use of a cationic comonomer.

18. A method comprising:

(a) providing paper stock;

(b) adding to the paper stock a functionalized water-soluble,
cationic, thermosetting, and cellulose reactive polymer that is the reaction
product of:

(1)  acopolymerized (i) acrylamide component, (i) cationic
co-monomer component and (in) at least one multifunctionatl crosslinking
monomer component; and

(2) a cellulose reactive agent component; and
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(c) forming a web from the paper stock;

wherein the acrylamide component, the cationic co-monomer
component, the multifunctional crosslinking menomer compenent, and the
cellulose reactive agent component are in an amount sufficient to produce
a polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process.

19. The method of Claim 17, wherein the polymer is added to the
fiber fumish with papermaking pH ranging from 4 to 10.

20. The method of Claim 17, wherein the polymer is added to the
fiber furmish with papemmaking pH ranging from 4 to B.

21. The method of Claim 17, wherein the polymer is added to the
fiber fumish at a dose ranging from (0.25 to 10 kg/ metric ton) dry polymer
solids based on dry fiber.

21. The paper resultant from process of Claim 17

22. The process of Claim 17, wherein the web formed from the
paper stock exhibits a dry strength that is at least 15% more, as compared
to a web made during a process that does not use a polymer with a doubly
structured backbone.

23. The process of Clam 22, wherein the dry strength is
from 15 to 30% more, as compared to a web made during a process that
does not use a polymer with a doubly structured backbone.

24. The process of Claim 17, wherein the web formed from the
paper stock exhibits a wet strength that 1s at least 15% more, as compared
to a web made during a process that does not use a polymer with a doubly
structured backbone.

25. The process of Claim 17, wherein the web formed from the
paper stock exhibits a wet strength that is at least 15 to 30% more, as
compared to a web made during a process that does not use a polymer
with a doubly structured backbone.
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ABSTRACT OF THE DISCLOSURE

A composition comprising a functionalized water-soluble, cationic,
thermosetting, cellulose reactive polymer with a doubly structured
backbone that is the reaction product of: {(a) a copolymerized (i)
acrylamide component, (i) cationic co-monomer component and (iii) at
least one multifunctional crosslinking monomer component; and (b) a
cellulose reactive agent component; such that the acrylamide component,
the cationic co-monomer component, the multifunctional crosslinking
monomer component, and the cellulose reactive agent component are in
an amount sufficient amount to produce a polymer that imparts strength to
a fibrous substrate when the polymer is added to paper stock dunng a
papermaking process. The invention also relates to methods for making
and using such a composition.
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