an 1 I B i
e gy BMEDSL RSN gy 1 pRESER
indmstria y Comercio Pregite 1 011 m“:;‘:'“ s (RERIPES
SUPERINTENDENCIA et 000 W1

FORMULARIO UNICO DE SOLICITUD DE PATENTE

PCT
ENTRADA EN FASE NACIONAL
1) SOLICITUD DE:
E Patente de invencién . D Patente de Modelo de Utilidad
] capituio!. X] capituion. ~
2) - W ?;%A Hy fmgﬁ Rggg#q?} IDENTIFICACION
SOLICITANTE pist B 5.2
(7) :*ég“@ﬁ”‘f?%“%’% WA?N\“}?"‘ ‘;‘”@“ C.C. D NIT: D
DirbceloniNEST00Zslots The
:Ngthé R Fixr_ gigepn Eireo g
w:"d'ﬁ 2 Y I tHcE O owmo [
c_f....,. Lk ?ﬁe-‘ .k’g"" gt b7 i £
dn? Jomlelfllo:_ piat,. % 4
d& A E Y Cual
**‘g&*ﬁﬁ“@"%ﬂ NUMERO
R O R
Fax:
3) Nombre: DILIAMARIA RODRIGUEZ | IDENTIFICACION |
REPRESENTANTE | D’ALEMAN X D
O APODERADO |Direccién: Camera 11 N°. 8343 0f |C.C. NIT:
404 Santafé de Bogota D.C.
Teléfono: 6350835 Fax: 6350824 |C-E: O owmo O
E. Mail:
NUMERO: 41.654.882
clarkemodet@clarkemodet.com.co 5 TP: 20824 CSJ
4) ' . i
INVENTOR (ES) |[Nombre: 1. ORNTON, Jeffray, Wit 2. VAN BRUSSEL- /
VARRAEST, ne, Lisa; 3. BESEMER, SANDBERG Sussan 4
(72) Direcclén: 1. Jagsraweg 13, NL-1272ACGqun, Netheriand. 2

Kopeind 1, NL-2411 WG Bodegraven, The Netherland. 3. Burg.Jhr. H.
v.d. Boschstraat 111, NL-3958 CE Amerongen, Netheriand. 4.
Gubbekullaviigen 15, S439 35 Onsala, Sweden.

Nacionalidad o Domicllio: 1. American; 2. Beiga; 3. Alemén; 4. Sueco

8) PCT (88)
Solicitud internacional No. PCT/NL01/00343 Fecha: Mayo 4, 2001
Publicacién intemacional No. WO 01/83887 A1 Fecha: Noviembre 8, 2001

6)Titulo (54) POLIMEROS QUE CONTIENEN ALDEHIDO COMO ADITNOB DE
RESISTENCIA A LA HUMEDAD

7) Clasificacién Iintemacional (51) D21H 21120 COB8B 15/00, 31IDOIID2‘IH 17:25,
17:28

8) PRIORIDAD 33) Pails de G‘Igon (32) Fecha [(31) Nimero de Solicitud
EUR PEA 04.05.2000 |00201630.1
EUROPEA 11.05.2000 |002016893.9
s XI ~ O
9) Gompioparite ds pago N':,02:71,620iF echa: OCTUP Rg:w.mz:; B
HEREEE LR YRR &mﬁixﬁsmﬁ&mm*h“ &

Inﬂn.mlonu para el diﬁgondl'nlonto del presents fonnullﬂo Ver reverso de esta pagina



K 2

Industria y Comercio
SUPERINTENDENCIA

HIT : B800176089-2

RECIBO OFICIAL DE CAIA : 02 - 71,629 ‘ SERTIBUSTRIA Y CONERCE
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10) ANEXOS

Comprobante de pago de la tasa de presentacién de ia solicitud
0 Comprobante de pago por relvindicacién de prioridad

Documento que acredila ia existencia y representacién iegal cuando el soiicitante sea persona
Juridica

Poderes, si fuera ol caso

Documento de cesidn del Inventor al solicitante o a su causante

Deciaraciones

Copla de la soficitud Internacional. (Resumen, descripcitn, reivindicacién, Dibujos).
Traduccién de la sollcitud intemacional &l castellano. (Resumen, descripcion, relvindicacién,
Dibujos)

Copia del examen preliminar efectuado por ia IPEA

De ser el caso, copla del contrato de acceso

De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos
tradicionales de las comunidades indigsnas

De ser el caso, certificado de depdsito del material bioldgico
Arte final 12x 12y 6 x8 cm

De ser el caso, informacién sobre otras soliciiudes de patente o titulos obtenidos en el

extranjero por el mismo titular o su causante, relacionados parcial o totaimente con la
invencibn de aste solicitud.

Otros: 1. Solicitud intemacional de publicacién WO 01/83887 A1
2. Notificacién de transmision del reporte del examen preliminar
3. Reporie del examen preliminar
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11) FIGURA CARACTERISTICA:

12) Solicitud concesion de la patente,

Instrucciones para el difigenciamiento del presente formuiario. Ver reverso de esta pagina
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2 veces sello; Dr. W.H.M. Fransen - notario en Zeist

sello: Visto para la legalizacién de la firma del Dr. W.H.M.
Fransen, notario en Zeist, por el suscrito, Presidente
del Juzgado del Distrito de Utrecht, el dia 17-1-2001.
(Firma ilegible)
Dr. H.N. Brouwer

sSello: Juzgado del Distrito en Utrecht

aum?hwm

Visto \para la legalizacién de la firma del Dr. H.N. Brouwer,

Presidente del Juzgado del Distrito en Utrecht,

La Haya, 19 de enero de 2001.

El Ministro de Justicla, por el Ministro, el Jefe de la Direcciédn

de Administracién y Apoyo del Departamento Administrativo, por él,

(Firma ilegible)

sello:s Ministeric de Justicia

estamppilla: Ministerio de Justicia - £2,50

sello;: Visto para la legalizacién de 1la fi

P.N.A. de Raad.

La Haya, 19 de enero de 2001

MAIJA HEMPENIUS -
Traductora ¢ Intérpreee Qgci c
Res. 2667189 Min. Jusnc



01/120 - 2.5

El Ministro de Relaciones Exteriores, por é&l1,

(Firma ilegible) ~ Sra. L.M. Cuelenaere
Sello: Ministerio de Relaciones Exteriores -~ 4672 - Derechos de

expedicidén F20,=.
Anexo al documento aparece la certificacién No. 010 del Consulado
de Colombia en Amsterdam, con fecha del 22 de enerc de 2.001, en la
cual el Coénsul certifica que el sefior L.M. Cualenaere, oficial del
Ministerio de Relaciones Exteriores de los Paises Bajos, ejercia en
la fecha de la autenticacidén del documento las funciones indicadas
y que la firma y el sello que aparecen son suyos.
El Cénsul certifica igualmente que la compafiia SCA HYGIENE PRODUCTS
ZRIST B.V. es una compafiia debildamente constituida de acuerdo con
las leyes de los Paises Bajos y registrada en la Camara de Ccmeicio
e Industria de Utrecht bajo el nimero 30135846. También certifica
que el sefior Johannes Joseph SCHEEL, director financiera de 1la
citada compafiia, estd autorizado para firmar el poder adjunto.
También aparece la constancia de la cancelacién de los derechos
consulares por un valor de US$107,00. La firma del Cénsul a su vez
estd debidamente autenticada y sellada ante la Oficina de
Legalizaciones del Ministerio de Relaciones Exteriores de Colombia,

el dia 30 de enero de 2.001 bajo el nimero 006423.

- - v . e e A RN At

ES TRADUCCION FIEL Y COMPLETA.

Santafé de Bogotd, D.C., 13 de febrero de 2001.

MALIA HEMPENIUS
numuuuehﬁmmuo%a
Res. 26us 16 Min. Jusuera
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FED Y
ol

. CGonsulado Generalde Colombia Y
g’f. “JJ. :
SIIRD Amsierdam, Palses Bajos
Telifono: 31 203050111 - Fax 31 203060110
No. 010

E! suscrito Cénsul General de Colombia en Amsterdam, Palses Bajos, visto los
documentos presentados por el interesado.

CERTIFICA:

1.- Que el sefior LLM. CUELENAERE, quien como Oficial del Ministerio de
Relacicnes Exeriores on la Haya- Paises Bajos, autenticd el documento
precedente, ejercia en la fecha las funciones indicadas y su fima y sello
comesponden a los registrados en aste Consulado General.

2- Que la compaiiia SCA HYGIENE PRODUCTS ZEIST B.V. es una compaiiia
debidamente constituida de acuerdo con las leyes de los Palses Bajos y cumple
su objeto conforme a las mismas segin registro de la Cdmara de Comercio y
Fabricas de Utrecht No.301358486.

3.-  Que el sefior Johannes Joseph SCHEEL en su cardcter de Director Financiero

de la citada compariia, esté facultado para finar el documento presedente de
acuerdo con el Registro de la CAmara de Comercio que se tuvo a la vista.

En constancia se firma en Amsterdam, Paises Bajos a los veintidés (22) dlas del mes

de enero del afio dos mil uno (2001).-
/fvv-"'/L/’

LUIS IGNACIO ANDRADE BLANCO
Consul Genera!

i

DERECHOS PAGADOS: CIENTO SIETE DOLARES
US$ 100,00 Fondo Rotatorio
USS 7,00 Impuestode Timbre

“Se pagaran en Colombia los impuestos de timbre que se ocasionen al ejecutarse

las obligaclones del presents documento, de conformidad con el Art. 519 del
Estatuto Tributario”.-
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From
INTERNATIONAL-PRELIMINARY EXAMININ HORITY

To:

e 'sch UCro PA COOPERATION TREATY
1 INGEK. 27 SEP 2002 Exf& : ie_ ,PE‘E da,/l,ﬂ

—

A13.08.0%

pralimioary oxamination rdpor. |} P CT
JORRITSMA, Ruurd et al porerer a dlont
- [
Naderll;n;l:_’chzo Octroolbureau o= NOTIFICATION OF TRANSMITTAL OF
Posthus 2 2 25 [O- 02 THE INTERNATIONAL PRELIMINARY
Scheveningseweg 62 , EXAMINATION REPORT
NL-2502 LS The Hague Termigh omzefien ir: 194, it Insa- BCT Fidte 71.1
ule 71.
PAYS-BAS 4Y_ 11 - 2002 | ( )
Date of mafing
{day/month/year) 25.00.2002
Applicant’s or agent’s file reference
BO 43621 RJ /MM IMPORTANT NOTIFICATION
intamational application No. Imtemational fling date (daymonthviesr) Priority date {daptnonthiear)
PCT/NLO1/00343 04/05/2001 04/05/2000
Applicant

SCA HYGIENE PRODUCTS ZEIST B.V. et al

1.

2,

The applicant is hereby notifiad that this Intemational Preliminary Examining Authority tranamits herewith the
intemnational preliminary examination report and its annexes, if any, established on the intemational application.

A copy of the report and ts annexes, If any, is being tranamitted to the Intemational Bureau for communication
to all the elected Offices.

Where required by any of the elected Offices, the Intemational Bureau will prepare an English transiation of the
report (but not of any annexes) and will transmit such translation to those Offices.

The applicant must enter the national phase bafore each elected Office by performing certain acts (filing
transiations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article
38(1))} (ses also tha remindser sent by the intemational Bureau with Form PCT/IB/301).

Where g transiation of the Intemational application must be fumished to an alected Office, that translation must
contain a transiation of any annexes to the intemational preliminary examination report. It is the applicant's
responsibility to prepare and furmnish such translation directly to each eiected Office concamed.

For further detatis on the applicable time limits and requirements of the elected Offices, sea Voluma Il of the
PCT Appilicant's Guide.

For the purpose of deciding whether the claimad invention le patentable or not, the elected Offices may apply
criterla additional to or different from the criteria on which the intemational preliminary examination report is
based (see Articles 27(5), 33(5)). Additional criteria may include e.g. exemptions from patentability and the
requirements of enabling disclosure and of clarity and support of claims.

— — —— —

= — — — — — ——— —_—
rhhmauﬂnnllngmofﬂ\e IPEN/ Authorized officar
D-80208 Munich
Tal. +49 89 2389 - 0 Tic 523856 apmu d
" 777" Fax: +49 89 2399 - 4485 Tel.+40 89 2399-8011

Form PCT/AIPEA/418 {July 1962)




INTERNAT]I NAL PRELIMINARY Intemational epplication No. PCT/NL01/00343
EXAMINAT] N REPORT - SEPARATE SHEET

Re ltem V
Reasoned statement under Article 35(2) with regard to novelly, inventive siep or
industrial applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1: WO-A- 00 11046
D2: US-A-4 675 394
D3: EP-A-0 283 951
D4: EP-A-0 232 851
D5: US-A-5 958 187

1. Document D1 (see claims 1,6,14,25,56; examples) discloses use of a water-
soluble polymer containing aidehyde groups per recurring unit in the range
0.25-2.25 of the polymer and/or at least 5 aldehyde groups per molecule and
containing at least 1 anionic group per molecule, the ratio of aldehyde groups

_ to anionic groups being higher than 0.75:1, as a wet strength additive.
(Moreover, for paper - shouid be clarified in applicant's claim.) If the highest
value (50%) given in claim 6 is combined with the disclosure in claim 14 and
claim 25, it results in a ratio of aldehyde functionality to anionic moiety of 1:1.
The molecular weight is not specified in the description, but in view of the
products cited, it is assumed that it is higher than 800. It should further be
noted that claim 1, contrary to what would appear to be the opinion of the
applicant, is not restricted by the way the aldehyde functions have been
introduced into the molecules. Furthermore, it is questionable whether it would
be possible to assess on the polymer according to use claim 1 in which way
the aldehyde groups have been introduced. And anyhow, it is not (yet) made
clear that the monosaccharide units refers to the (bio)polymer itself. As to the
expression "biopolymer" it is furthermore considered as vague and can not
provide any restriction of the subject-matter in view of D1.

Therefore claim 1 would appear to lack novelty; Art. 33(2) PCT. This finding is
extended to at least claims 4, 10,11 and 13.

2. In view of document D1 most of the features of the dependent claims would

Form PCT/Separate Sheet/408 (Sheet 1) (EPO-Aprll 1667)
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INTERNATI NAL PRELIMINARY Intemational application No. PCT/NL01/00343
EXAMINAT]I N REPORT - SEPARATE SHEET

appear to be either explicitly or implicitly already known and when not they
would seem of a trivial nature, in particular when the contents of documents D2
(see abstract), D3 (see page 4, line 47-page 5, line 24; claims 1,2,5,15 and
16), D4(see page 4, line 5- page 7, line 15; claims 1,2,5-8) and D5 (see col. 5,
line 32-col. 7, line 50) cited in the search report are considered (Art. 33(2)/Art.
33(3) PCT).

3. For the assessment of the present claims on the question whether they are
industrially applicable, no particular reasoning would appear necessary to give.
The industrial application would appear to be evident (Art. 33(4) PCT).

Upon entering the national/regional phase the independent claim should be drafted in
the two-part form, cited documents acknowledged in the description and the description
adapted to any amended claims, if national/regional regulations requires so.

Form PCT/Separate Sheet/406 (Sheet 2) (EPO-April 1067)

A.



‘J‘h‘f\le'd:q2&09-2002 CLMS -0-19252’53—NLO-1'00343
' PO - D 1 EPO - DG 1 [\
BO 43621 - PCT/NL01/00343
10Ne7/ 002 13 06, 07. "2
Claims
1. Use of a water-soluble or water-disperzible biopolymer having a molecular weight

of at least 800, containing 0.25-2.25 aldehyde groups per recurring umit of the
biopolymer and/or at least 5 aldehyde groups per molecule, the aldehyde groups
being present as a result of oxidation of dihydroxyethylene and/or hydroxymethyl
moicties of recurring monosaccharide units, and containing at least 1 enioric group
per molecule, the ratio of aldehyde groups to anionic groups being higher than 0.75:1,
as a wet strength additive.

Use according to claim 1, in which the degree of substitution for aldehyde groups
is 0.1-2.95 per recurring unit of the biopolymer, and the degree of substitution for
anionic groups is 0.03-1.0 per recurring unit of the biopolymer.

Use according to claim 1, in which the degree of substitution for aldehyde groups
is 0.25-2.25 per recurring unit of the biopolymer, and the degree of substitution for
anionic groups is 0.05-0.4 per recurring unit of the biopolymer.

Use according to eny one of claims 1-3, in which the anionic groups comprise
carboxylic groupa.

Use according to any one of claims 1-4, in which the biopolymer is a poly-
saccharide.

Use according to claim 5, in which the biopolymer is starch or cellulose or a starch-
or cellulose-derived polymer.

Use acconding to claim 5 or 6, in which the aldehyde groups and the smionic groups
are present as a result of oxidation of dihydroxyethylene moieties of recurring mono-
saccharide units.

Use according to claim 5 or 6, in which the aldehyde groups and the anionic groups

‘are present as a result of oxidation of hydroxymethyl moieties of monosaccharide

units,

Use according to any one of the preceding claims, in which anionic groups are
present as a result of carboxymethylation,

3



. Prihted:02-06-2002 .CLMS .01928253-N:0100343

] BO 43621 ' PCT/NLO1/00343
. 14 .

10. Use according to any one of the preceding claims, in which the biopolymer further
containg cationic groups with a degree of substitution of 0.01-0.50.

11. Carbohydrate derivative containing 0.10-2.95 aldehyde groups, and 0.03-1.0
anionic groups and 0.01-0.50 cationic groups per recurring unit.

12. A wet strength composition containing 10-90% of a carbohydrate derivative
containing 0.10-2.95 aldehyde groups, aad 0.03-1.0 enionic groups per recurring unit,
and 90-10% of a cationic polymer, the perceniages being based on the total of
carbohydrate derivative and cationic polymer.

13. A cellulosic fibre treated with a biopolymer as defined in any one of claims 1-11,
6 or with a mixture according to claim 12.

N
L
£
1-3%
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2 March 2000 (2000-03-02) 13

claims 1,6,14,25,59; examples

A US 4 675 394 A (JOBE PATRICK & ET AL) 1,5,6,
23 June 1987 (1987-06-23) 11-13
the whole document

A EP 0 283 951 A (NAT STARCH CHEM CORP) 1.5,6,
28 September 1988 (1988-09-28) 11-13
page 4, 1ine 47 —page 5, 1ine 24; claims
1,2,5,15,16 ] .

A EP 0 232 851 A (NAT STARCH CHEM CORP) 1,5,6,
19 August 1987 (1987-08-19) 11-13
page 4, l1ine 5 -page 7, line 15; claims
1,2,5-8

-f—

Izl Further decumanis are listad in ihe contivmsion of bext C. E Painnt fanlly mambars ars lated i snnes.

P sa— " M st e e et g e

i be o pioias e " it e ot LD PRI of thaoey wuderveo o

e o BN piiishod on or Sharhe Mmtsrmonst ¢ doaument of pasticuler relevance; e claimed Fnantion

canindat be conaidsred novel or camnot be conaidiered (o
Involve an iInveniive siep whan the document is 1alen alons

H“:l:mdﬂﬂm-ﬂ

Do of maliing of the Filermational search report
6 September 2001 17/09/2001
Nama and maling addivess of the 1SA Auivortd officer
Ewopean Patent Oftics, P.B. 5318 Patentisan 2
%h’fm’?’mum 831 epo o,
Fexc (+31-70) 3403010 Songy, 0

Fenn FCTAMND10 isavond hmt] Liuly 02



INTERNAT] NAL SEARCH REPORT

\A

s el Application No
PCT/NL 01/00343

C.{Contimmtion) DOCUMENTS CONSIDERD TO BE RELEVANT

Cataguey *

Caufion of docanant, with idicafion whem approprisia, of ihe iyt passEgee

A

US 5 958 187 A (MARINACK ROBERT J ET AL)
28 September 1999 (1999-09-28) . .
column 5, 1ine 32 —columm 7, 1ine 50

11-13

Fomn PCTASA/ZIO foanlineniion of secarel sheed) Lioly 1082}



INTERNATIONAL SEARCH REPORT
information en patant family marnbers

'S

ws  Snal Applestion No

PCT/NL 01/00343
document Publioalion Palant Publiosiion

dm' sasvch repart date |l|-|l:(':' daie
KO 0011046 02-03-2000 AU 5489999 A 14-03-2000
US 4675394 23-06-1987 AT 7884 T 15-10-1988
AU 558885 B 12-02-1987
AU 4615585 A " 20-02-1986
BR 8503957 A 03-06-1986
DE 3565543 D 17-11-1988
EP 0175113 A 26-03-1986
ES 546195 D 16~-01-1986
ES 8604267 A 01-06~1986
F1 853152 A,B, 18~-02-1986
JP 1920543 C 07-04-1995
JP 6049722 B 29-06-199%4
JP 61112091 A 30-05-1986
us 4983748 A 08-01-1991
us 4703116 A 27-10-1987
CA 1237124 A 24-05-1988
us 4731162 A 15-03-1988
us 4741804 A 03-05-1988
ZA 8506141 A 28-05-1986
-EP 0283951 28-09-1988 us 4788280 A 29-11-1988
CA 1305961 A 04-08-1992
DE 3883818 D 14-10-1993
DE 3883818 T 10-03-1994
JP 1242601 A 27-09-1989
JP 1902670 C 08-02-1995
JP 6025201 B 06—04-1994
EP 0232851 19-08-1987 us 4703116 A 27-10-1987
AT 65783 T 15-08-1991
AU 594744 B 15-03-1990
AU 6882687 A 20~08-1987
DE 3771739 A 05-09-1991
F1 870631 A,B, 15-08-1987
JP 1628834 C 20-12-1991
JP 2055441 B 27-11-1990
JP 62246902 A 28-10-1987
us 4741804 A 03-05-1988
us 4804769 A 14-02-1989
US 5958187 28-09-1999 EP 0672787 A 20—09-1995
. F1 951275 A 19-09-1995
CA 2144838 A 19-09-1995

Foun PCTARBARIC (nalned farnlly arman) Luly 190809



01/83887 Al

(3

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectus] Property Organization
Imemational Burcan

(43) Intermational Publication Date
8 November 2001 (08.11.2001)

PCT

(19) International Publication Number

WO 01/83887 Al

(51) Interuntienal Pawent Clnssification™
CO8P 1500, 31/00 // D21H 17:25, 11:23

D21H 21720,

(21) Internatiensl Application Number: PCT/NLO1/00343

(22) lmteraational Filing Date: 4 May 2001 (04.05.2001)
(23) Filing Langwage: English
(26) Publication Language: English
(30) Prierity Data:
00201630.1 4 May 2000 (04.05.2000) EP
002016939 11 May 2000(11.05.2000) EP

(71) Applicant (for all designated Siates excepi US): SCA
HYGIENE PRODUCTS ZEIST B.V. [NL/NL]; PO. Box
360, NL-3700 AJ Zeist (NL).

Inventors; and

isventors/Applleants (for US only): THORNTON,
Jeffrey, Wilson [US/NL|; Jagersweg 13, NL-1272 AC
Huizen (NL). VAN BRUSSEL-VERRAEST, Doriae,
Liss [BENL]; Kopeind 1, NL-2411 WG Bodegraven
(NL). BESEMER, Arie [NL/NL); Burg. Jhr H. vd
Boschsumat 111, NI.-3958 CIl Amerongen (NL). SAND-
BERG, Suman [SH/SE]; Gubbekullaviigen 15, $-439 35
Onsals (SH).

33

(74) Ageat: JORRITSMA, Rawrd; Nederiandsch Octrooibu-
reau, Scheveningseweg 82, PO. Box 29730, NL-2502 LS
‘The ilague (NL).

(81) Designated States (natiomal): AE, AG, AL, AM, AT, AU,
AZ.BA, BB, BG, BR, BY, BZ, CA, CH,CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, ER, ES, F1, GB, GD, GE, GH. GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 5L,
T), ™, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA.ZW.

(84) Designated States rregional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, S, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, K3, KZ, MD, RU, TJ, TM), Buropean
patent (AT, BE, CH, CY, DE, DK, ES, F1, FR,GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPFI patent (BF, B), CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG)

Pabilshed:

with inlernational search report

before the expiration of the time limit for amending the
claims and 1o be republished in the event of receipt of
amendments

—

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing ai the begin-
ning of each regular issue of the PCT Gaxeite.

(S4) Title: ALDEHYDE-QONTAINING POLYMURS AS WET STRENGTH ADDITIVES

800, cuntaining i lcast 5 aldchyde groups per molecule and at least 1 carboxyl group per molecule, the ratio of aldehyde groups 1o
carboxyl groups being higher than 0.75:1, as a wet sirength additive. The Invention also discloses novel cationic derivalives thercof,



15

30

35

WO 01/33887

PCT/NL01/00343 qq-.

1
Aldehyde-containing polymers as wet strength additives.

[0001] The present invention relates to the use of multifunctional aldehyde-containing
polymers as temporary wet strength agents for paper and tissue applications, as well as non-
wovens.

[0002] Wet strength is an important characteristic of paper and tissue products, and in non-
woven products. Wet strength of such products can be increased by wsing wet strength
additives. The most widely used wet strength additives for the paper industry are melamine-
formaldehyde and urea-formaldehyde. There is a tendency, however, to move away from
such oil-based chemicals, because they are not renowable and have & poor biodegradability.
Carboxymethy] cellulose (CMC) is currently used in combination with PAE (polyamino-
amide epichlorohydrin) as a wet strength agent (see Espy, TAPPI Journal, 78, 90 (1995)).
However, CMC is also partly dependent on oil-based materials (monochloroacetic acid)
and, moreover, is a rather expensive material.

[0003] Oxidised celluloses have the advantage of being accessible from rencwable raw
materials only and possibly of being less expensive than CMC, while they may have
comparable properties to CMC. However, the oxidation of cellulose is hampered by the -
poor solubility of cellulose, making it insufficiently accessible to oxidising agents.

[0004] Aldehyde fimctions have been recognised as being useful in binding cellulose
fibers, to improve wet strength of the fibers. Thus, dialdehyde starch (TAPPI, 57, 81
(1974); and TAPPI 45, 750 (1962)) and dialdehyde guar and the like (WO 97/36054) have
been proposed as paper wet strength additives. US 3,087,852 and US 4,001,032 disclose
cationic dialdehyde starch, obtained by reacting dialdehyde starch with betaine hydrazide,
to be used as a paper strengthening additive,

[0005] US 5,935,383 discloses the use of anionic compounds, such as sulphato-ethyl-
amino-halotriazines, for providing the cellulose surface with additional apionic sites
suitable for retaining a high proportion of cationic wet strength additives such as PAE resin
on the cellulose.

[0006] WO 99/23117 and WO 99/23240 describe the oxidation of cellulose and starch,
respectively, with TEMPO and an oxidative enzyme (laccase) and oxygen at pH 4-9
resulting in products containing low levels of carbaldehyde and carboxyl groups.

[0007] US 3,553,193 describes the oxidation of starch with bromite or hypobromite, which
results in varying levels of carbonyl (ketonic) and carboxyl groups depending on the
oxidation conditions, with a carbonyl/carboxyl ratio of between 2:1 and 8:1. The oxidation
products are stated to be suitable as paper strength additives. The oxidation of starch with
sodiumhypochloﬁmisbelievedﬁmtoyieldkmmups.Innlatermgeofoxiduﬁon_
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aldehyds groups may be formed. The mechanism postulated by Whistler (J. Am. Chem.
Soc., 79, 6460 (1957), see also PhD thesis of Floor, Delft University of Tectmology, 1989)
however states that a diketo group is formed, which decomposes with OH- and is oxidised.
One has to assume that hypobromite reacts in an analogous way. A recent publication of
Deary and Davies in Carbohydr. Research 309, 17-29 (1998) reviews the bromine oxidation
experiments with a-cyclodextrins they conclude also that the keto product is formed. They
present no evidence for the formation of aldehydes. Also, Tomeport et al (Starch 42 , 413-
417 (1990)) and Salomonsson et al (Carbohydrate Res. 217 (1991)) state that oxidation of
starch with bromine species (Br2:CH = 1/40 to 1/1) at pH 7 results in keto groups and
carboxylic acids. It is known that higher pH’s lead to higher carboxylate contents,

[0008] It was found that multifunctional polymers, especially bjopolymers, baving both
aldehyde functions and carboxylic acid and/or other anionic functions, the ratio between
aldehyde functions and anionic functions (hereafier referred to as A/C ratic) being at least
0.75:1, preferably at least 2:1, up to about 15:1, preferably up to 10:1, are very useful as
wet strength additives. These polymers are excellent substitutes for known wet strength
agents such as carboxymethyl cellulose (CMC) and dialdehyde starch because of their
better ecological acceptability (degradability) and their improved water-solubility and thus
better accessibility to further reagents, and an improved functionality.

{0009] The polymers to be used can be of a synthetic type, such as a copolymer of acrylic
acid end acrolein, a copolymer of maleic acid and maleic ({mono)aldehyde, appropriately
modified polyvinyl alcohol or appropriately (aldehyde-)substituted polyacrylic acid or the
like, having the desired level of aldehyde groups and the desired A/C ratio.

[0010] 1t is preferred, however, that the polymer is a biopolymer. Suitable biopolymers
include (modified) peptides and proteins, proteoglycans and in particular polysaccharide-
types of polymer. Examples of polysaccharides include a-1,4-glucans (the "starch family",
including amylose, amylopectin, dextrins and cyclodextrins), a-1,6-glucans (dextran) and
mixed d-glucans such as pullulan, B-14-glucans (cellulose), B-1,3-glucans such as
scleroglucan and curdlan, xyloglucans, glucomannans and galactomannans (guar and locust
bean gum), other gums including heterogeneous gums like xanthan, ghatti, carrageenans,
alginates, pectin, (arabino)xylans (hemicellulose), p-2,1- and B-2,6-fructans (inulin and
levan), etc. The biopolymers may also be synthetically modified.

[0011] The simultaneous presence of eldehyde and anionic, such as carboxyl (-CO:H),
sulpho (-SO;H) and phosphono (-PO;H;) groups, can be achieved by various methods.
These methods comprise:
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(1) introduction of anionic groups by addition, followed by introduction of aldehyde
functions, e.g. by oxidation; here, the anionic groups such as carboxyl groups or other
acid groups may be introduced e.g. by carboxyalkylation, sulphatation, sulpho-
alkylation, phosphatation, or the like, or they may be present in polymers which already
have added acid groups by biosynthesis such as sulphste groups in carrageenans; the
aldehyde functions can be introduced ¢.g. by oxidation of 1,2-dihydroxyethylene groups
(such as those at the 2,3-position of 1,4-linked or 1,6-linked glucans) using periodate-
type oxidising agents, or by partial oxidation of hydroxymethyl groups (such as those at
the 6-position of 1,4-linked or 1,3-linked glucans) using nitric oxide (NOx) types of

idising agents;

2 introduction of carboxyl groups by oxidation of hydroxymethyl groups followed by
introduction of aldehyde functions by oxidation as under (1); here, the carboxyl
(anionic) groups are introduced by oxidation of the hydroxymethyl groups, such as
those at the 6-position of 1,4-linked or 1,3-linked glucans, using NOx-type of oxidising
agents, or they may be present in polymers alrcady containing 6-carboxyl groups by
biosynthesis, if necessary after hydrolysis of ester groups, such as pecting, xanthans and
alginates; the aldehyde groups can again be introduced e.g. by oxidation of 1,2-di-
hydroxyethylene groups, or by partial oxidation of further hydroxymethyl groups;

K)) controlled oxidation of hydroxymethyl groups (such as those at the 6-position of
1,4-linked or 1,3-linked glucans) a0 as to partly convert them to aldehyde functions and
to convert only a (minor) part of the aldehyde functions so obtained to carboxyl
functions;

0] introduction of aldehyde groups, e.g. by oxidation of 1,2-dihydroxyethylene groups
(such as those at the 2,3-position of 1,4-linked or 1,6-linked glucans) using periodate-
type oxidising ageats, followed by partial further oxidation thereof to carboxyl groups
using different oxidising agents such chlorits or bromine;

(5) ignodmﬁmof(pmtected)ddehydegmupa(e.g.ﬁmwenh)byeﬂwﬁﬁcaﬁm,
c.g. as described in US 4,731,162 and US 4,741,804, followed by introduction of
carboxymethy! groups.

Further combinations of partial reaction steps as described above are also contemplated.

[0012]) The individual reaction steps referred to above are known in the art. Carboxy-

methylation of polysaccharides is also widely used in the art, and is commonly performed

using sodium monochloroacetate in alkaline medium or by hydroxyalkylation (c.g. with
ethylene oxide) followed by catalytic oxidation. Other carboxyalkylation, such as carboxy-
cthylation, can be accomplished by base-catalysed addition of acrylamide followed by
hydrolysis, or by addition of succinic or maleic or other anhydride, etc. Sulphate and sulpho
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groups can be introduced by reaction with sulpburic acid derivatives such as chloro-
sulphonic acid or with vinylsulphonic acid or teurine analogues. Phosphorylation can be
achieved by reaction with phosphoric acid or its derivatives or with haloalkyl-phosphonic
acids.
[0013] Also, oxidation of 1,2-dikydroxyethylene groups in the recurring umits of poly-
saccharides is extensively known, and can be performed with periodate or similar polyoxy-
anions, resulting in C-C bond scission according to the equation:

-CHOH-CHOH- — -CH=0 + 0=CH-
and thus to opening of the cyclic anhydromonosaccharide unit. These products are usually
referred to as "dialdehyde carbohydrates” such as dialdehyde starch (DAS) and dialdehyde
inulin (DAIJ).
[0014] The partial further oxidation of these dialdehyde carbohydrates can be accom-
plishad, e.g. with sodium chlorite with or without hydrogen peroxide, the molar amount of
chlorite, with respect to the disldehyde product, determining the carboxyl content of the
final product.
[0015] A particularly advantageous method of further oxidising dialdehyde carbohydrates
in a partinl and controlled menner is described in PCI/NL99/00673 (WO000/26257,
published 11 May 2000) and proceeds by reacting the dialdehyde product with a catalytic
amount of halogen, such as chlorine, iodine and especially bromine. Halogen is regenerated
in situ by oxidation with an oxidising agent. Sodium hypochlorite can be used for the
(re)generation of the molecular halogen, but preference is given to peracids. The catalytic
amount of molecular halogen may be 0.2-40, preferably from 1 to 10 mole%, with respect
to the amount of peracid. The peracid may be any peralkanoic acid such as peracetic acid,
perpropionic acid, perleuric acid etc., a substitited peralksnoic acid such as peroxy-
trifluoroacetic acid, an optionally substituted aromatic peracid such as perbenzoic acid or
m-~chloroperbenzoic acid, or an inorganic peracid such as perboric or persulphuric acid. The
molar amount of oxidising agent (e.g. peracid) with respect to the dialdehyde product,
determines the carboxyl content of the final product.
[0016] This method, besides reducing the amount of halide produced, is also beneficial to
the properties of the partially oxidised products, in particular as to a more regular
distribution of carboxyl and aldehyde groups. In addition, this method is cheaper than the
oxidation with sodium chlorite in the presence of hydrogen peroxide and produces less
halide waste.
[0017] The selective oxidation of hydroxymethyl groups (i.e. primary hydroxy] functions)
to aldehyde and/or carboxyl functions has been known for several years. Nitric oxides, i.e.
nitrogen dioxide and dinitrogen tetroxide or nitrite/nitrate are known in the art as suitable
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oxidising agents for these oxidations, as described e.g. in US Patent 3,364,200 and NL
patent application 93.01172 and by Painter, Carbohydrate Regearch 55, 950193 (1977) and
ibid. 140, 61-68 (1985). This oxidation may be performed in an apolar, e.g. halogensted,
solvent, or in an aqueous solvents, such as phosphoric acid.

[0018] A preferred reagent for the selective oxidation of hydroxymethyl groups is
constituted by nitroxyl compounds, such as TEMPO (2,2,6,6-tctramethyl-piperidine-N-
oxide) and related compounds such as 2,2.5,5-tetramethylpyrrolidine-N-oxyl, 2,2,5.5-
tetramethylimidazoline-N-oxyl, and 4-hydroxy TEMPO and derivatives thereof such as the
4-phosphonooxy, 4-acetaxy, 4-benzoyloxy, 4-oxo, 4-amino, 4-acetamino, 4-maleimido, 4-
isothiocyanato, 4-cyano and 4-carboxy TEMPO. TEMPO is used in these reactions as a
catalyst (e.g. using 0.1-25 mol% with respect to final oxidising agent) in the presence of a
final oxidising agent such as hypochlorite or hydrogen peroxide. TEMPO oxidation has
been described e.g. in WO 95/07303. Further intermediate oxidants such as metal
complexes (see PCT/NL00/00118 = WO 00/50388), enzymes such as laccase or per-
oxidases (sce WO 99/23240 and WO 99/23117 and PCT/NL0/00117 = WO 00/50621) can
be used. Examples of metal complexes are complexes of a transition metal such as
manganese, iron, cobalt, nickel, copper, vanadium or ruthenium, with a complexing agent,
especially nitrogen-containing compound such as a bipyridyl, a trimethyl-triazonane or
other poly(tertiary amine) or a (poly)histidine; such metal complexes can be used in an
amount of 1-25 mol% with respect to the number a aldehyde or carboxyl groups desired.
The actual oxidising species in the TEMPO-mediated oxidations is believed to be the
nitrosonium ion. The A/C ratio can be controlled by sclecting appropriate conditions:
aldehyde formation is favoured at low temperatures (0-20 °C) and at relatively low pH (3-
7) and by controlled addition and/or low levels of oxidising agent.

[0019] The aniopic groups in the products thus obtained may be free carboxyl, sulpho or
phosphono groups (acid form) or may be in the salt form, e.g. with sodium, potassium,
ammonium or substituted smmonium as the counter cation. The aldehyde- and acid-
containing products have at least 5 aldehyde groups, especially at least 10 aldehyde groups,
and at least 1 anionic group, especially at least 3 anionic groups, such as carboxyl groups,
per molecule, also depending on the molecular weight (degree of polymerisation, DP).
Thus, for smaller molecules, e.g. having a molecular weight below 3,000, the number of
aldehyde groups per molecule may be lower, e.g. at least one per 600 Da, with a minimum
of 2. The degree of substitution (DS) for aldehyde groups is preferably between 5 and 98 %
of the maximum value, more preferably between 25 and 75%. As the maximum number of
aldehyde groups in most oxidised polysaccharides is 3 per recurring (monosaccharide) unit,
the DS expressed in number of substituent groups per recurring umit is at least 0.10,
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preferably between 0.15 and 2.95, more preferably between 025 and 2.25). The DS for
anionic groups, especially carboxylic groups, is preferably between 0.03 and 1.0, more
preferably between 0.05 and 0.4 per recurring unit.

[0020] If desired for the purpose of enhancing wet strength, the multifunctional product
can be further chemically modified. A particularly suitable derivative is a product -also
containing cationic groups. Such cationic groups can be introduced by reacting a part of the
aldehyde groups with an amine, hydrazine, hydrazide or the like, optionally under reductive
conditions, or by reacting, at some stage during the production, saccharidic hydroxyl
groups with ammonium-containing reagents such as trimethylammonio-alkyl halides or
epoxides. These multifunctional cationic compounds contain at least 0.01 up to about 0.50
cationic groups per recurring unit, preferably from 0.02 to 0.25 cationic groups per
recurring umit; they are also part of the invention.

[0021] Alternatively, the aldchyde-anionic polymers can be combined with separate
cationic compounds such as, for example, cationic polysaccharides, in particular cationic
DAS, or with other conventional cationic wet strength agents such as PEI (polyethylene-
imine) or PAE, to produce a composite wet-strength agent. The weight ratio between the
aldehyde/anionic polymer and the cationic compound can be e.g. from 90:10 to 10:90,
especially from 75:25 to 15:85. Such composite wet strength agents are a distinct
embodiment of the invention.

[0022] The aldehyde-containing anionic polymers can be combined, usually as aqueous
solutions or dispersions with cellulosic fibres in a manner known for the application of wet
strength agents. The amount of agent is preferably between 0.1 and 4 % by weight,
especially between 0.2 and 2 % by weight, with respect to the cellulosic fibre. If desired,
cationic wet strength agents can be applied subsequently followed by drying the fibre web.
Addition of a cationic polymer is usually necessary for multifunctional derivatives that do
absorption of the derivative to the fibre. Further alternate layering with aldehyde-containing
anionic polymer and cationic polymer can also be advantageous.

Examples

Abbreviations:

6-AS: 6-aldehyde starch

DAS: dialdehyde starch

MACC: monoaldehyde-carboxy cellulose
MACS: monoaldehyde-carboxy starch
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PAE: polvamide-smide epichlorolydri
PCD: particle charge determination
PEI: polyethyleneimine

Example 1

a) Preparation of MACS with peracetic acid/bromide to different degrees of oxidation
Dialdehyde starch (oxidation degree 100%) was prepared by adding 6.6 g sodium periodate
(31 mmole) to a slurry of 5.0 g (dry weight) starch (31 mmole) in 100 ml water which was
brought to pH 5 with diluted acetic acid and cooled to 4°C. The mixture was stirred for 24
hours at 4°C in the absence of light. The obtained product was isolated by filtration and
washed with water until jodate could no longer be detected by reaction with potasgivm
iodide.

To obtain MACS, the dialdehyde starch was realurried in 100 m! water and part of the
aldehydes were further oxidised to carboxylates. To achieve this, sodium bromide (0.5 g)
was added and then peracetic acid (0.6 M) was added portion-wise (see Table 1). The pH
was kept constant at pH 5 using 0.5 M NaOH (pH-stat.). After reaction, the aldehyde
carboxy starch was purified by membrane filtration (molecular cut-off 5000 MW) and
freeze-dried.

Table 1: Conversion of DAS to MACS

Sample Totally added peracetic acid % aldehydes oxidised to
solution (ml of 0.6 M solution) carboxylates
AS 5 5
Al0 10 10
A30 31 30
AS0 52 50

b) Application as wet strength additive

The addition levels were 10 mg/g MACS and 10 mg/g PAE.

Sheets were prepared as in example 8. The results are presented in Figure 1.

The highest relative wet strength was obtained in the sheets treated with MACS with an
oxidation degree of 10% and PAE. The performance of this combination is better than the
combination of CMC and PAE, which is commonly used nowadays. It may be noted that
when no additives are used, essentially no wet strength is obtained (compare Figure 6).
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Example 2

MACS with an oxidation degree of 50% was prepared as described in Example 1. This
polymer was added to pulp together with PEI (3mg/g and 7mg/g, respectively).

Sheets were prepared as in example 8. The results are presented in Figure 2, It may be
noted that PEI does not give wet strength by itself (like PAE does). The wet strength shown
in the case of MACS + PEI can be completely ascribed to MACS.

Example 3

a) Preparation of MACS with chlorite/hydrogen peroxide to different degrees of axidation
Dinldehyde starch (oxidation degree 100%) was prepared as described in example 1.

To abtain MACS, 5 g of the dialdehyde starch (30 mmole AGU) was reslurried in 100 ml
water and cooled to 4°C. In order to oxidise part of the aldehydes to carboxylates, hydrogen
peroxide (640 pl of a 30 % solution, 6 mmolc) and 700 mg sodium chlorite (80% grade, 7.5
mmole) were added (see Table 2). The pH was kept constant at pH 5 using 0.5 M NaOH
(pH stat). After reaction, the aldehyde carboxy starch was purified by filtration and
washing with water and the product was subsequently freeze-dried.

Table 2: Conversion of DAS to MACS

Sample | Added hydrogen peroxide | Added sodium chiorite | % aldchydes oxidised
solution (30%) () (80%) (mg) to carboxylates

AcS 320 350 5

Acl0 640 700 10

Acl5 960 1050 15

b) Application as wet strength additive

Sheets were prepared as in example 8.

The addition levels were 10 mg/g MACS and 10 mg/g PAE. The results are presented in
Figure 3.

Example 4

Dialdehyde cellulose (oxidation degree 100%) was prepared by adding 6.6 g sodium
periodate (31 mmwle) to a sturry of 5.0 g (dry weight) cellulose (31 mmole) in 100 ml water
which was brought to pH § with diluted acetic acid and cooled to 4°C. The mixture was
stirred for 1 week at 4°C in the absence of light. The obtained product was isolated by
filtration and washed with water until iodate could no longer be detected by reaction with
potassium iodide.
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To obtain MACC, the dialdehyde cellulose was reshurried in 100 ml water and half of the
aldshydes were further oxidised to carboxylates. To achieve this, sodium bromide (0.5 g)
wes added and then peracetic acid (0.6 M) was added portion-wise (52 ml of & 0.6 M
solution). The pH was kept constant at pH 5 using 0.5 M NaOH (pH-stat.). After reaction,
the aldehyde carboxy cellulose was purified by membrane filttion (molecular cut-off
5000 MW) and freeze-dried.

Sheets were prepared as in example 8. The results are presented in Figure 3.

" Example 5

MACS with an oxidation degree of 10 % was prepared as described in example 1. This
material was added to pulp (10 mg/g) together with cationic dialdehyde starch (10 mg/g).
Sheets were prepared as in example 8. The results are presented in Figure 3.

Example 6

MACS with an oxidation degree of 10 % was prepared as described in example 1. | g of
this material was suspended in water and Girard’s resgent (NHoZNHCOCH,N*(CH;3)s,
betaine hydrazide, 100 mg for 10% cationisation) was added. The solution was stirred for 2
hours at 40°C and was subsequently freeze dried. A cationic MACS derivative was
obtrined. This sample was added to pulp (addition level 10 mg/g), and sheets were prepared
as in example 8. The cationic MACS derivative adsorbs onto the fibres and gives wet
strength. When added together with PAE (10 mg/g), the performance increased with
lowering of the content of cationic groups (see Figure 4).

Example 7

6-Aldehyde starch was prepared by a TEMPO-mediated oxidation of starch. 5.0 g (dry
weight) starch (31 mmol) was gelatinised in 250 ml water. TEMPO (65 mg) and horse-
radish peroxidase (100 mg) were added. The pH of the solution was adjusted to 5.0 using
diluted acetic acid. Hydrogen peroxide (3.75 ml of a 30 % solution, 33 mmole) was diluted
to a volume of 125 ml and was added gradually at a rate of 5 mU/hour. The reaction time
was 25 hours at room temperature. Adjusiment of the pH during reaction was not
necessary. The product was purified by membrane filtration (molecular cut-off 5000 MW)
and freeze-dried.

1 g of this material was redissolved in water and Girard’s reagent (100 mg for 10%
cationisation) was added. The solution was stimed for 2 hours at 40°C and was
subsequently freeze dried again. A cationic 6-aldehyde starch was obteined. This sample
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was added to pulp (addition level 10 mg/g) together with PAE (10 mg/g). Sheets were
prepared as in example 8. The results are shown in Figure 5.

Example 8

Sheet making with dertvatives of the invention

1. Refining

500-530 grams of Ostrand TCF pulp is diluted to 12 litres and refined to 25 SR® by a
Laboratory refiner R1L, Escher Wyss. The pulp, when refined, is about 40 g/L so it is
diluted to the concentration of 3 g/L.

2. Dynamic sheet former, Formelte

A wire of 0,4 m? is used and we want the Grammage to be 30 g/m>.

The pulp is poured into the beater and the wet strength additive is added during stirring for
5 minutes. If PAE is added, it is added after five minutes and the pulp is stirred again for
two mimites. Drum speed 1400 rotations/min, dewatering 30 sec.

3. Press

An absorbent paper is put over the sheet and the wire is taken off. Before pressing another
absorbent paper is put over the sheet, 30 the sheet is between the two absorbent papers. The
sheet is pressed at 0,5 bar once. To be able to compare sheets with each other, two sheets of
the same composition are made but preased at two different pressures, 0,5 bar and 5 bar. In
this way we can compare them at the same density 400 g/cm’.

4. Drying |

The sheet is cut into four pieces and dried two and two with a fixed point for three minutes
at a temperature of 140 °C.

5. Cutting

The sheet is cut into 15 mm strips for testing of dry and wet strength.

100*100mm is also cut out for measuring the thickness and Grammage.

6. Conditioning

The strips which wet strength is going to be tested are placed in a heating chamber, 105° C
for 10 minutes. Then both the strips for wet and dry strength are placed in a climate room,
temperature 23°C, moisture 50% for four hours. -

7. Grammage and thickness

100*100 mm pieces of the sheet is used for measuring the Grammage and thickness,
Grammage is measured on a regular balance on 4 layers to get an average.

Thickness is also measured on four layers and on five different spots to get a good average.
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8. Tensile strength measurement

The strength both wet and dry is measured in an Instron SCAN-P58:86.
Five 15-mm strips are measured to get an average.

When measuring the wet strength the strip is soaked for 15 sec in tap water.

Example 9:

Large-scale preparation of MACS and application in a full scale tissue paper machine

The preparation of MACS with 15% of the aldehydes oxidised to carboxylic acids, as
described in Example 1, was acaled up to 40 kg scale.

In the first step, 100% dialdehyde starch (DAS) was prepared. Sodium periodate (27 kg)
was dissolved in 200 L water in a double-walled 300 L vessel equipped with & mechanical
gtirrer, The solution was cooled to 5°C. To this solution, potato starch (25 kg, 20.5 kg dry
matter) was added portion-wise, keeping the temperature below 10°C. The slury was
stirred for 24 hours at 5°C. Then, the sodium iodate salts were removed by decantation after
settling of the DAS. The granules were washed with deionised water until no sodium iodate
could be detected with potassium iodide and sulphuric acid. This procedure was repeated
once and one more time using 21 kg sodium periodate and 20 kg starch. The overall yield
of dialdehyde starch was 47 kg of DAS (82 % of theory, due to some loases during the
washing procedure).

In the second oxidation step, MACS was prepared. DAS (11.75 kg) was slurried in about
150 L deionised water in a 300 L double-walled vessel. Sodium bromide (1.41 kg) was
added and subsequently peracetic acid (7.07 kg, 39% activity) was added slowly using a
pump running at 20 mL/min. The pH maintained between 4.7 and 5.3 by a pH controller
adding 4 M NaOH. The temperature was kept between 15°C and 20°C. After all chemicals
were added, the solution wes stirred overnight to ensure complete reaction. After reaction,
the volume was reduced and part of the sodium acetate salts formed during reaction were
removed using 2 membrane filtration unit (exclusion limit of 10000 D) to obtain a solution
containing about 10 % MACS. This procedure was executed 4 times, and the products were
mixed. The reaction yield of MACS in the second oxidation step was 42 kg (87 % of
theoretical).

A solution (490 kg) containing 8.6 % MACS was obtained. The polymer obtained in this
way had similar characteristics regarding molecular weight and charge density as the
material described in Example 1.

A tissue paper containing MACS was produced at a paper machine. See Example 10.
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Example 10: Application in a full scale tissue paper machine

With the MACS thus prepared (see Example 9), tissue paper was made on an industrial
scale (continuous process) and the properties of the tissue were compared to those obtained
with conventional wet strength agents.

5 Three kinds of tissues were made using the following composition of pulp: 65% TCF pulp
(total chlorine free pulp) and 33% HTCTM pulp (high teroperature chemi-thermo-
mechanical pulp). .

The first run was the reference, in which only PAE (9 kg/ton pulp) was applied. The second
run was prepared using PAE (9 kg/ton pulp) and CMC, Hercobond C129 with a degree of

10  substitution of 0.65-0.9, (1.7 kgfton pulp). In the third run, PAE (9 kg/ton) and 1.7 kg
MACS per ton were used. The resulis with regard to the dry strength, wet strength, and wet
tensile index are summarised in Table 3.

Table 3. Wet and dry strength properties of tissue paper with PAE,

15 PAE/CMC and PAE/MACS, respectively.
Run | Tissucsamples | Drystrength | Wetstrength | Tensile strength
(Nw/g) (Nv/g) index (%)
PAE(ret) 89 25 281
PAE/CMC 11.6 3.2 273
PAEMACS 108 32 296

As can be seen from Table 3, both MACS and CMC improve the propertics of the tissue
with regard to wet and dry strength and CMC and MACS exhibit the same properties.
20
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Claima

1.

10.

Use of a water-soluble or water-dispersible polymer having a molecular weight of
at least 800, containing 0.25-225 aldehyde groups per recurring unit of the polymer
and/or at least 5 aldehyde groups per molecule and containing at least 1 anionic group

molecu]o,thcruﬁoofnldehydegmupstoamonwgmupsbmnghghuthmOﬁl
as a wet strength additive.

Use according to claim 1, in which the degree of substitution for aldehyde groups
is 0.1-2.95 per recurring umit of the polymer, and the degree of substitution for
anionic groups is 0.03-1.0 per recurring unit of the polymer.

Use according to claim 1, in which the degree of substitution for aldehyde groups
is 0.25-2.25 per recurring unit of the polymer, and the degree of substitution for
anionic groups is 0.05-0.4 per recurring unit of the polymer.

Use according to any one of claims 1-3, in which the anionic groups comprise
carboxylic groups,

Use according o any one of claims 1-4, in which the polymer is a polysaccharide.

Use according to claim 5, in which the polymer is starch or cellulose or a starch- or
cellulose-derived polymer.

Use according to claim 5 or 6, in which the aldehyde groups and the anionic groups
are present as a result of oxidation of dihydroxyethylene moieties of recurring mono-

saccharide units,

Use according to claim 5 or 6, in which the aldehyde groups and the anionic groups
are present as a result of oxidation of hydroxymethyl moieties of monosaccharide
units.

Use according to any one of the preceding claims, in which anionic groups are
present as a result of carboxymethylation.

Use according to any one of the preceding claims, in which the polymer further
contains cationic groups with a degree of substitution of 0.01-0.50.



WO 01/33887 PCT/NLO1/00343 50

14

11.  Carbohydmte derivative contsining 0.10-2.95 aldehyde groups, and 0.03-1.0
anionic groups and 0.01-0.50 cationic groups per recurring unit.

12. A wet strength composition coataining 10-90% of a carbohydrate derivative
containing 0.10-2.95 aldehyde groups, and 0.03-1.0 anionic groups per recurring umit,
and 90-10% of a cationic polymer, the percentages being based on the tofal of
carbohydrate derivative and cationic polymer.

13. A cellulosic fibre treated with a polymer as defined in any one of claims 1-11, or
with a mixture according to claim 12.
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Fig 3

(10 kgfton; in the presence of 10 kg/ton cationic polymer)
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POLIMEROS QUE CONTIENEN ALDEHEIDO COMO ADITIVOS DE

REBISTENCIA A LA HUMEDAD.

La presente invencién se relaciona con el uso de

poll E;os multifuncionales que contienen aldehido como

agentes temporales resistentes a la humedad para
aplicaciones en papel y tejldo, asi como también no

tejidos.

La resistencia a la humedad es una caracteristica
importante de los productos de papel y tejido y en
productos no tejidos. La resistencia a 1_a humedad de
tales productos se puede incrementar al utilizar aditivos
resistentes a la humedad. Los aditivos resistentes a 1la
humedad mas ampliamente utilizados para la industria del
papel son melamina-formaldehido urea-formaldehido.
Existe una tendencia, sin embargo, a apartarse de tales
quimicos basados en aceite, por que ellos no son
renovables y tienen una pobre biocdegqradabilidad. La
carboximetilcelulosa (CMC) es habitualmente utilizada en
combinacién con la PAE (poliamino-amida epiclorohidrina)

como un agente resistente a la humedad (ver Espy, TAPPI



Journal, 78, 90 (1995)). Sin embargo, el CMC es también
parcialmente dependiente de materiales basados en aceite
(Acido monocloroacético) y, mas alin es un material un

poco costoso.

Las celulosas oxidadas tienen la ventaja de ser
accesibles de la materia prima renovable solamente vy
posiblemente de ser menos costosa que el CMC, mientras
que ellas pueden tener propiedades comparables con el
CMC. Sin embargo, la oxidacidén de la celulosa se impide
por la pobre golubilidad de la celulosa, haciéndola

insuficientemente accesible a los agentes de oxidacién.

Las funciones aldehide se han reconocido por ser
atiles en las fibras de celulosa ligantes, para mejorar
la resistencia a la humedad de las fibras. De esta
manera, el almidén dialdehido (TAPPI, 57, 81 (1974); y el
TAPPI 45, 750 (1962)) y el guar de aldehido y los
similares (WO 97/36054) se han propuesto como aditivos
para resistencia a la humedad en el papel. La US
3,087,852 y la US 4,001,032 describen almidén de aldehido

catibnico, obtenide al hacer reaccionar almidén de
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aldehido con botaina hidrazida, para ser utilizada cono

un aditivo de fortalecimiento del papel.

La US 5,935,383 describe el uso de compuestos
aniénicos, tales como sulfato-etil-amino-halotriazinas,
para suministrarle a la superficie de la celulosa sitios
aniénicos adicionales adecuados para retener una alta
proporcién de aditivos cationicos resistentes a la

humedad tales como la resina PAE sobre la celulosa.

La WO 99/23117 y 1la WO 99/23240 describen la
oxidacién de celulosa y almidén, respectivamente, con
TEMPO y una enzima oxidativa (la casa) y oxigeno a un pH
4-9 que da como resultado productos qgque contienen bajos

niveles de grupos carbaldehido y carboxilo.

La US 3, 553,193 describe la oxidacién de almidén

con bromito o hipodromito,‘que da como resultado varios
.

niveles de grupo carbonilo (ceténico) y carboxilo

dependiendo de las condiciones de oxidacién, con una
proporcién de carbonilo/carboxilo de de entre 2:1 y 8:1.

Los productos de oxidacién se establecen por ser
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adecuados como aditivos que dan resistencia al papel. La
oxidacidén del almiddén con hipoclorito de sodio se cree
gue primero produce grupos zeto. En una etapa posterior
de oxidacién se pueden formar grupos aldehido. E1
mecanismo postulado por Whistler (J. Am. Chem. Soc.,
79,6460 (1957), ver también tesis de phD de Floor, Delft
University of Technology, (1989) in embargo establece que
se forma un grupo dizeto, que se descompone con OH-y se
oxida. Uno tiene que asumir que el hipobromito reacciona
de una manera andloga. Una resiente publicacién de Deary
y Davies en carbohidr. Research 309, 17-29 (1998) revisa
la oxidacién del bromo y confirma que los grupos zeto son
productos primarios provenientes de 1la oxidacién del
bromo. De tales experimentos con a-ciclodextrinas ellos
concluyen también que se forma el productoEllos no
presentan evidencia de la formacién de aldehidos.
También, Torneport el al (Starch 42,413-417 (1990) vy
Salomonsson et al (carbohidrate Res. 217 (1991))
establecen que la oxidaciétn del almidén con especies_de
bromo (Bra: CH = 1/40 a 1/1) a un pH 7 da como resultado
grupos zeto y Aacidos carboxilico. Es conocido que el pH

mayor conduce a contenidos de carboxilato mayor.
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Se ha encontrado que los polimégaos
multifuncionales{ espacialmente los biopolimero, tienen
tanto funciones aldehido como funcicnes de é&cido
carboxilico y/o funciones aniénicas, la proporcién entre
las funciones aldehido y las funciones aniénicas (en lo
sucesivo denominadas como proporcién A/C) son al menos
0,75:1, preferiblemente al menos 2:1, hasta
aproximadamente 15:1, preferiblemente hasta 10:1, son muy
itiles como aditivos resistentes a la humedad. Estos
polimeros son substitutos excelentes para agentes
resistentes a la humedad conocidos tales como
carboximetil celulosa (CMC) y almidén dialdehido en razén
a su mejor aceptabilidad de ecolégica (degradabilidad) Y
su solubilidad mejorada al agua y asi una mejor
accesibilidad a reactivos adicionales y una funcionalidad

mejorada.

Los polimeros al ser utilizados pueden ser de un
tipo sintético, tal como un copolimero o© un Aacido
acrilico y acroleina, un copolimero de acido maleico vy
(mono) aldehido maleico, alcohol de polivinilo

apropiadamente modificado o &cido poliacrilico sustituido
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(aldehido) apropiadamente o similares, que tienen el
nivel deseado de grupos aldehido y la proporcién deseada

A/C.

Se prefiere, sin embargo, que el polimero sea un
biopolimero. Los biopolimeros adecuados incluyen péptideos
(modificados) y proteinas, proteoglicanos y en particular
tipos de polisacarido de polimero. Ejemplo de
polisacdridos incluyen a-1,4-glucanos (la ™“familia del
almidén”, que incluye amilosa, amilopectina, dextrinas y
ciclodextrinas), a-1,6-glucanso (dextranos) y a—-glucanos
mezclados tales como gﬁlulanﬁf'ﬂ-1,4—glucanos (celulosa),
B-1,3-glucancs tales como excleroglucano y curdlan,
xiloglucanos, glucomananos y galactomananos (guar y goma
de frijol de acacia falsa) otras gomas que incluyen gomas
heterogéneas como xantano, ghatti, carrageninas,
alginatos, pectina, (arabinec) xilanos (hemicelulosa),p-

2,1- y -2,6-fructanos (inulina y levan), etc. Los

biopolimercs también se pueden modificar sintéticamente.

La presencia simultanea de aldehido y aniébnicos

tales como carboxil (-COzH), sulfo (-S503H) y grupos



fosfono (PO3Hz), se pueden lograr mediante varios métodos.
Estos métodos comprenden:

(1) introduccién De grupos anidnicos mediante adicién,
seguida por la introduccién de funciones aldehido, por
ejemplo mediante oxidacién; aqui, los grupos anidnicos
tales como los grupos carboxilo u otros grupos Acidos se
pueden introducir por ejemplo mediante
carboxialquilacién, sulfatacién, sulfoalquilacién,
fosfatacidén, o similar, o ellos se pueden presentar en
polimeros que ya han agregado grupos Aacido mediante
biosintesis tal como grupo sulfato en carrageninas; las
funciones aldehido se pueden introducir por ejemplo
mediante oxidacién de grupos 1,2-dihidroxietileno (tales
como aquellas en la posicién 2,3-de los glucanos 1,4-
ligado o 1,6-ligado) utilizando agentes de oxidaclén tipo
periodato, o mediante oxidacién parcial de grupos
hidroximetilo (tales como aquellos en la posicién 6 de
glucanos 1,4-ligados o 1,3-ligados) utilizando tipos de

6xido nitrico (NOx) de agentes oxidantes;

{2) La introduccién de grupos carboxilo mediante la

oxidacién de grupos hidroximetilo sequido por 1la



introduccién de funciones aldehido mediante la oxidacién
como adelante (1); aqui, los grupos (aniénicos)carboxilo
se introduce mediante la oxidacién de grupos
hidroximetilo, tales como aquellos e la posicién 6 de
glucanos 1,4-ligados o 1,3-ligados, utilizando tipo NOx
de agentes de oxidacién, o ellos se pueden presentar en
polimeros que ya contienen grupos 6-carboxilo mediante la
biosintesis, si es necesario después de la hidrélisis de
grupos ester, tales como pectinas, xantanos y aginatos;
los grupos aldehido pueden ser introducidos de nuevo por
ejemplo mediante oxidacién de grupos 1,2-
dihidroxietileno, o mediante la oxidacién parcial de

grupos hidroximetil o adicionales;

(3) La oxidaciébn controlada de grupo de hidroximetilo
(tales como agquellos en la posicién 6 de glucanos 1,4-
ligados o 1,3-ligados) con el fin de convertirlos
parcialmente a funciones aldehido y de convertir solo una
parte {(menor) de las funciones aldehido asi obtenidas a

funciones carboxilo;



)

(4) La introduccién de grupos aldehido, por ejemplo
mediante 1la oxidacién de grupos 1,2-dihidroxietileno
(tales como aguellos en la posicién 2,3 de los glucanos
1,4-ligados o] 1, 6-ligados) utilizando agentes de
oxidacidén tipo periodato, seguido por la oxidacién
parcial de estos a grupos carboxilo utilizando diferentes

agentes de oxidacién tales como clorito o bromo:

(5) La introduccién de grupos aldehido (protegidos) (por
ejemplo acetales furanos) mediante la eterificacién, por
ejemplo como se describid en la US 4, 731,162 y US 4,741,

804, seguida por la introduccién de grupos carboximetilo.

Las combinaciones adicionales de etapas de reaccién
parcial como se describidé anteriormente también se

contemplan.

Las etapas de reaccién individuales a las que nos
referimos anteriormente son conocidas en la técnica. La
carboximetilacién de polisacaridos también es ampliamente
utilizada en la técnica, y es desarrollada cominmente

utilizando monocloroacetato de sodio en medio alcalino o
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mediante hidroxialquilacién (por ejemplo con oxido de
etileno) seguido por oxidacién catalitica. Otra
carboxialquilacién, tal como carboxietilacién, se puede
lograr mediante la adicién de pase catalizada de
archilamida seguida por la hidrélisis, o mediante 1la
adicién de anhidrido succinico o maleico u otro
anhidrido, etc. Los grupos sulfato o los grupos sulfa se
pueden introducir mediante la reaccidédn con derivados de
dcido sulfiarico tales como Acido cloro sulfénico o con
dcido vinilsulfénico analogos de taurina. La
fosforilacién se puede lograr mediante la reaccidén con
acido fosférico o sus derivados o con acidos haloalquil-

fosfénico.

También, la oxidacién de grupos 1,2-dihidroxietileno
en las unidades requirentes de polisacaridos son
extensivamente conocidos, y se pueden desarrollar c¢on
periodato o aniones polioxi similares, que dan como
resultado una escision de enlace C-C de acuerdo con la

ecuacidn:

-CHOH-CHOH- - —-CH=0+0=CH
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Y asi la abertura de la unidad anhidro monosacarida
ciclica. Estos productos son usualmente denominados como
“carbohidratos de dialdehido” tales CcOomo almidén

dialdehido (DAS) e inulina dialdehido (DAI).

La oxidacién adicional parcial de estos
carbohidratos dialdehido se puede lograr, por ejemplo,
con clorito de sodio con o sin peroxido de hidrogeno, 1la
cantidad molar de <clorito, con respecto al producto
dialdehido, que determina el contenido de carboxilo del

productoc final.

Un método particularmente ventajoso de oxidar
carbohidratos dialdehido de una manera parcial vy
controlada se describe en la PCT/NLS99/00673 (W000/26257,
publicada el 11 de mayo del 2000) y procede al hacer
reaccionar el producto dialdehido con wuna cantidad
catalitica de (/\alégeno, tal como cloro, yodo y
Especialmente bromo. E1 halégeno se regenera in situ
mediante oxidacidédn con un agente oxidante. El1l hipoclorito

de sodio se puede utilizar para la {re)generacién de
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‘Aalégeno molecular, perc se le da preferencia a los
perecidos. La cantidad catalitica de lyalégeno molecular
puede ser 0,2-40, preferiblemente desde 1 a 10 moles %
con respecto a la cantidad de perdxido. El perdéxido puede
ser un A4cido peralcanéico tal como 4&cido peracético,
dcido perpropibénico, 4&acido peralarico etc., un 4acido
peralcanoico sustituido tal como acido peroxi-
trifluoroacético, un peracido aromiatico opcionalmente
sustituido tal como &acido perbenzoico o Acido m-
cloroperbenzoico, o un peracido inorgdnico tal como &acido
perborico o persulfirico. La cantidad molar de agente
oxidante (por ejemplo peracido) con respecto al producto
dialdehido, determina el contenido de carboxilo del

producto final.

Este método, que reduce ademds la cantidad de haluro
producida también es benéfica para las propiedades de los
productos parcialmente oxidados, en particular con una
distribucién mas regqular de grupos carboxilo y aldehido.
Adicionalmente, este método es mds barato que 1la

oxidacién con clorito de sodio en 1la presencia de
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peréxido de hidrogeno y produce menos desperdicio de

haluro.

La oxidacién selectiva de los grupos hidroximetilo
(es decir funciones hidroxilo primarias) a aldehido y/o
funciones carboxilo se han conocido durante varios afos.
Los ©6xidos nitricos, es decir diéxido de nitrégeno y
tetréxido de tinitrégeno o nitrito/nitrato son conocidas
en la técnica como agentes de oxidacién adecuados para
estas oxidaciones, como se describidé por ejemplo en la
patente US 3,364,200 y 1la solicitud de patente NL
93.01172 y por Painter, Carbohidrate Research 55,950193
(1977) y ibid. 140, 61-68 (1985). La oxidacidén se puede
desarrollar en un solvente apolar, por eﬂemplo
halogenado, © en unos solventes acuosos, tales como acido

fosfbrico.

Un reactivo preferido para la oxidacién selectiva de
grupos hidroximetilo se constituye de compuestos
nitroxilo, tales como TEMPO (2,2,6, 6-tetrametil-
piperidina, N-6xido) y compuestos relaciconados tales como

2,2,5,5-tetrametil pirrolidina-N-oxil, 2,2,5,5-
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tetrametilimidazolina-N-oxil, Y 4—hidroxi. TEMPO y
derivados de estos tales como el 4-fosfonooxi, 4-acetoxi,
4-benzoiloxi, 4-oxo, 4-amino, 4-acetamino, 4-maleimido,
4-isotiocianato, 4-ciano, y 4—carboxi,\/ 'ﬁ';;o. TEMPO) se
utiliza en estas reacciones como un catalizador (por
ejemplo utilizando 0,1-25 moles % con respecto al agente
de oxidacién final)en la presencia de un agente de
oxidacién final tal como hipoclorito o hipoclorito de
hidrogeno. La oxidacién tempo se ha descrito por ejemplo
en la WO 95/07303. Los oxidantes intermedios adicionales
tales como los complejos metdlicos (ver PCT/NL0O0/00118 =
WO 00/50388), enzimas tales como lacasa o peroxidasa (ver
WO 99/23240 Y WO 99/23117 y PCT/NLO0117 = WO 00/50621 se
pueden utllizar. Ejemplos de tales complejos metdlico son
complejos de n metal de transicién como manganeso,
hierro, cobalto, niquel, cobre, vanadio o rutemio, con un
agente de acomplejamiento, especialmente un compuesto que
contienen nitrdégeno tal como bipiridilo, una trimetil-
triazonano u otro poli ({(amina terciaria) o una ({poli)
histidina; tales como complejos de metal que se pueden
utiliza en una cantidad de 1-25 moles % con respecto al

nimero de grupos aldehide o carboxilo deseados. Las
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actuales especies de oxidacién en las oxidaciones
mediadas por TEMPO se creen que son el ién nitrosonio. La
proporcién A/C se puede controlar al seleccionar
condiciones apropiadas: la formacién aldehido se favorece
a temperaturas bajas (0-20°C) y aun relativo bajo pH (3-
7} y mediante la adicién controlada y/o bajo niveles de

agentes de oxidacidn.

Los grﬁpos anidénicos en los productos asi obtenidos
pueden ser carboxilo libre, grupos sulfa o fosfono (forma
dcida) o puede ser en forma de sal, por ejemplo, con
sodio, potasio, amonio o amonio sustituido como el contra
catién. Los productos que contienen aldehido un A4&cido
tienen al menos 5 grupos aldehido, especialmente al menos
10 grupos aldehido, y al menos un grupe aniénico,
especialmente al menos 3 grupos anidnicos, tales como
grupos carboxilo por molécula, también dependiendo del
peso molecular (grado de polimerizacién, DP). De esta
manera, para moléculas mds pequeilas, por ejemplc que
tlenen un peso molecular inferior a 3000, el numero de
grupos aldehidos por molécula puede ser inferior, por

ejemplo, al menos uno por 600 Da, con un minimo de 2. El
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grado de sustitucién (DS) para los grupos aldehido esta
preferiblemente entre 5 Y 98% del valor mAximo mAs
preferiblemente entre 25 y 75%. Como el niimero méximo de
grupos aldehido en la mayoria de los polisacAridos
oxidados es 3 por unidad recurrente {(monosacdrido), el DS
expresado en numero de grupos sustituyentes por unidad
recurrente es al menos 0,10, preferiblemente entre 0,15 y
2,95, mas preferiblemente entre 0,25 y 2, 25). E1 DS para
los grupos anidénicos, especialmente grupos carboxilico,
esté preferiblemente entre 0,03 y 1,0, mas

preferiblemente entre 0,05 y 0,4 por unidad recurrente.

Si se desea para el propdésito de mejorar 1la
resistencia a la humedad, el producto multifuncional
puede ser modificado quimicamente de manera adicional. Un
derivado particularmente adecuado es un producto que
también contienen grupos cationicos. Tales grupos
catidnicos se pueden introducir al hacer reaccionar una
parte del grupos aldehido con wuna amina, hidracina,
hidrazido o similar, opcionalmente bajo condiciones
reductoras o al reaccionar, en alguna etapa durante la

produccién, grupos hidroxilo sacaridico con reactivos que
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contienen amonio tales como haluros de trimetil amonio-
alquilo o epoxidos. Estos compuestos multifuncionales
catiénicos contienen al menos 0,1 hasta aproximadamente
0,50 grupos cationicos por unidad recurrente,
preferiblemente de 0,02 a 0,25 grupos catiénico por
unidad recurrente; elles también son parte de 1la

invenciébn.

Alternativamente, los polimeros aldehido-aniénico se
pueden combinar con compuestos catidnicos separados tales
como, por ejemplo, polisacaridos catiénicos, en
particular DAS catiénico, o con otros agentes resistentes
a la humedad catidénicos convencionales tales como PEI
(polietileno-imina) o© PAE, para producir un agente
compuesto resistente a la humedad. La proporcién en peso
entre el aldehido/polimero aniénico y el compuesto
catiénico pude ser por ejemplo de 90:10 a 10:90,
especialmente de 75:25 a 15:85. Tales agentes compuestos
resistentes a la humedad son una modalidad distinta a la

invencién.
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Los polimeros anibénicos gque contienen aldehido se
pueden combinar, usualmente como soluciones acuosas o
dispersiones con fibras celuldésicas de una manera
conocida para la aplicacién de agentes resistentes a la
humedad. La cantidad del agente esta preferiblemente
entre 0,1 y 4% en peso, especialmente entre 0,2 y 2% en
peso, con respecto a la fibra celulésica. Si se desea,
los agentes cationicos resistentes a la humedad se pueden
aplicar subsecuentemente seguidos por el secadc de red de
fibra. La adicién de un polimero catiénico es usualmente
necesaria para los derivados multifuncionales que no
contienen ellos mismos grupos catiénicos, por que de otra
manera habia insuficiente absorcién de derivado a la
fibra. Un tendido de capa alternativo adicional con
pelimero anibénico que contienen aldehido y polimero

catidnico también puede ser ventajosa.

Abreviaturas:
6-AS: almidén -6 aldehido.

DAS: almidédn dialdehido
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MACC: monoaldehido-carboxi celulosa
MACS: monoaldehido-carboxi almidén

PAE: poliamida-amida epiclorohidrina
PCD: determinacidédn de carga de particula
PEI: polietilenoimina

EJEMPLIO 1

a) Preparacién de MACS con 4cido peracético/bromuro a

diferentes grados de oxidacidn.

Almidén dialdehido (grado de oxidacién 100%) se preparéd
al agregar 6,6 g de periodato de sodio (31 mmoles) a una
lechada de 5,0 g (pesos secos) almidén (31 mmol) en 100
ml de agua la cual fue traida a un pH 5 con acido acético
diluido y enfriada a 4°C. La mezcla se agité durante 24
horas a 4°c en ausencia de luz. El1l producto obtenido se
aislé mediante filtracién y se lavdé con agua hasta que el
yodato ya no pudo ser detectado mediante la reaccién con '

yoduro de potasio.

Para obtener MACS, el almidén de aldehido fue
relechado en 100 ml de agua y parte de los aldehidos

fueron adicionalmente oxidados hasta carboxilatos. Para
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lograr esto, se agregdé bromuro de sodio (0,5 g) y luego
adcido peracético (0,6 M) se agregé en porciones (ver
tabla 1). E1 pH se mantuvo constante a un pH 5 utilizando
0,5 M de NaCOH (pH-stat.). Después de la reaccidén, el
almidén de carboxialdehido se purificé mediante
filtracién con membrana (corte molecular 5000 MW) y se

seco por congelamiento.

Tabla 1l: conversiédn de DAS a MACS

muestra | Solucién de 4acido peracético|% de aldehidos
totalmente agregado (ml de |oxidados a
solucién 0,6 M) carboxilatos

AS 5 5

AlD 10 10

A30 31 30

AS50 52 50

b) Aplicacién como aditivo resistente a la humedad.




21

. A

Los niveles e adicién fueron 10 mg/g de MACS y 10
mg/g de PAE.
Las laminas se prepararon como en el ejemplo 8. Los
resultados se presentan en la figura 1.
La mayor resistencia relativa a la humedad se obtuvo en
las léminas tratadas con MACS con un grado de oxidacién
del 10% y PAE. El desempeifio de esta combinacién es mejor
que la combinacién de CMC y PAE, que es cominmente
utilizada actualmente. Se puede notar que cuando no se
utilizan aditivos, esencialmente no se cbtiene

resistencia a la humedad (compare fiqura 6).

Los MACS con un grado de oxidacién del 50% se
prepararon como se describi®é en el ejemplo 1. Este
polimero se agregé a pulpa junto con PEI (3 mg/g y 7
mg/g, respectivamente). Las laminas se prepararon como en
el ejemplo 8. Los resultados se presentaron en la figura
2. Se puede notar que el PEI no da resistencia a la

humedad en si mismo (como lo hace el PAE). La resistencia
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a la humedad mostrada en el caso de los MACS maAs PEI

puede ser completamente atribuida a los MACS.

Ejamplo 3

a) preparacién de MACS cod{Z:::;:;:)erbxido de hidrogeno

\./p

a diferentes grados de oxidacidn.

Almidén dialdehido (grado de oxidacién 100%) se
prepard como se describié en el ejemplo 1. Para obtener
MACS, se relucharon 5 g de almidén dialdehido (30 mmol
AGU) en 100 ml de agua y se enfriaron a 4°C. Con el fin
de oxidar parte de los aldehidos a carboxilatos, se
agregaron peroxido de hidrégeno (640 pl de solucién al
30%, 6 mmol) y 700 mg de clorito de sodio (grado 80%, 7,5
mmol) (ver tabla 2). El pH se mantuvo constante a un PH 5
utilizando NaOH 0,5 m (pH stat). Después de reaccién, el
almidén de carboxialdehido se purificéd mediante
filtracién y se lavd con agua y el producto se seco en

seco subsecuentemente.

Tabla 2: conversién de DAS a MACS
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muestra Soluciébn de | Clorito de | % de
perdéxido de | sodio aldehidos
hidrbégeno agregado oxidados a
agregado (30%) | (BO%) (mg) carboxilatos
(nl)

Acb 320 350 5

Acl0 640 700 10

AclS 960 1050 15

b) aplicacién como aditivo resistente a la humedad.

Las laminas se prepararon comoc en el ejemplo 8.
Los niveles de adicién fueron 10 mg/g MACS y 10 mg/g

de PAE. Los resultados se presentan en ld figura 3.

EJEMPLO 4

La celulosa de aldehido (grado de oxidacién 100%) se
preparé al agregar 6,6 g de periodato de sodio (31 mmol)
a una lechada de 5,0 g (peso seco) celulosa (31 mmol) en
100 ml de agua que se trajo a un pH 5 con acido acético

diluido y se enfri6 a 4°C. La mezcla se agitdé durante una
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semana a 4°C en ausencia de luz. El1 producto obtenido se
aislé por filtracién y se lavé on agua hasta que el
yodato no pudo ser detectado mediante la reaccién con

yoduro de potasio.

Para obtener MACC, la celulosa de aldehido se
relecho en 100 ml de agua y la mitad de los aldehidos se
oxidaron adicionalmente hasta carboxilatos. Para lograr
esto, se agregd bromuro de sodio (0,5 g) luego se agregébd
dcido peracético (0,6 M) en porciones (52 ml de una
solucién 0,6 M). El pH se mantuvo constante a un pH 5
utilizando NaCH 0,5 M (Ph-stat.). Después de la reaccién,
se purificé 1la aldehido carboxi celulosa mediante
filtracién con membrana (corte molecular 5000MW) y

secada por congelamiento.

Las léminas se prepararon como el ejemplo B. Los

resultados se presentan en la figura 3.
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Los MACS con un grado de oxidacién del 10% se
prepararon como se describié en el ejemplo 1. Este
material se agregd a la pulpa (10 mg/g). Junto con
almidén de aldehido catiénico (10 mg/g). Las laminas se
prepararon comc en el ejemplo 8. Los resultados se

presentan en la figura 3.
EJEMPLO 6

Los MACS con un grado de oxidacién del 10% se
prepararon como se describid en el ejemplo 1. Un g de
este material fue suspendido en agua y un reactivo de
Girard (NH,NHCOCH,N'(CH3)3, hidrazido de betaina, 100 mg
para cationizacién al 10%) se agregaron. La solucién se
agité durante 2 horas a 40°C y seco por congelamiento
subsecuentemente. Un derivado catiénico de MACS se
obtuvo. Esta muestra se agregdé a pulpa (nivel de adicién
10 mg/g), y se prepararon las laminas como en el ejemplo
B. Los derivados de MACS cationicos se adsorbieron sobre
las fibras y le dieron resistencia a la humedad. Cuando

se agregaron junto con PAE (10 mg/g) el desempeilo se
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incrementé con la disminucién del contenido de los grupos

cationicos (ver figura 4).

EJEMPLO 7

Almidébn de 6-aldehido se prepardé mediante una
oxidacién mediada por TEMPO de almidén 5,0 g (peso seco)
el almidébn (61 mmol) se gelatinizdé en 250 ml de agua. Se
agregé TEMPO (65 mg) hiperoxidasa de rébano picante (100
mg). E1 pH e la solucibdn se ajusté a 5,0 utilizando acido
acético diluido. El peréxido de hidrogeno (3,75 ml e una
solucién al 30%, 33 mmol) se diluyé a un volumen de 125
ml y se agregd gradualmente a una proporcién de 5 ml/
hora. El tiempo de reaccidén fue de 25 horas a temperatura
ambiente. El ajuste del pH durante la reaccién no fue
necesario. El1 producto se purificé mediante filtracién
con membrana (corte molecular 5000 MW) y secada por

congelamiento.

Un g de este material se predisolvidé en aqua y se
agregd reactivo de Girard (100 mg para cationizacién del

10%). La solucién se agitdé durante 2 horas a 40°C y se

54
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seco por congelamiento subsecuentemente de nuevo. Se
obtuvo un almidén catiénico de 6-aldehido. Esta muestra
se agregd a pulpa (nivel de adicién 10 mg/g) junto con
PAE (10 mg/g). Las laminas se prepararon comoc en el

ejemplo 8. Los resultados se muestran en la figqura 5.
EJEMPLO B

Lamina hecha con derivados de la invencién

1. Refinacién

500-530 gramos de pulpa Ostrand TCF se diluyé hasta
12 litros y se refinaron a 25 SR° mediante un refinador
laboratory R1L Escher Wyss. La pulpa, cuando se refiné,
es de aproximadamente 40 g/L de tal forma gque esta se

diluye a la concentracién de 3 g/L.

2. Formadora de lamina dinamica, Formette

Un alambre de 0,4 m? se utilizé y queriamos que el

gramaje fuera 30 g/m2.



28

A

La pulpa se vertié en una batidora y se agregd el
aditivo de resistencia a la humedad durante la agitacién
durante 5 minutos. Si se agrega el PAE este se agrega
después de 5 minutos y la pulpa se agita de nuevo durante
2 minutos. La velocidad del tambor 1400 rotaciones/min,

desaguado 30 sequndos.
3. Prensa

Un papel absorbente se pone sobre la lamina y el
alambre es retirado. Antes de presionar otro papel
absorbente este se pone sobre la lamina, asi la lamina
esta entre dos papeles absorbentes. La lamina se presiona
a 0,5 bar de una vez. Para ser capaz de comparar la
léminas una con la otra se hacen dos laminas de la misma
composicién pero presionadas a dos diferentes presiones
0,5 bar y 5 bar. De esta manera podemos compararlas a la

misma densidad 400 g/cm3.

4. Secado
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La lamina se corta en cuatro piezas y se secan dos y
dos con un punto fijo durante 3 minutos a una temperatura

de 140°C.
5. Corte
La lamina se corta en tiras de 15 mm para ensayos de
secado y resistencia a la humedad.
100*100 mm también se corta para medir el grosor y el

gramaje.

6. Acondicionamiento

Las tiras cuya resistencia a la humedad wva hacer
ensayada se ubican en una camara de calentamiento, 105°C
durante 10 minutos. Luego ambas tiras para resistencia a
la humedad y al secado se wubican en un cuarto
climatizado, temperatura 23°C, humedad 50% durante 4

horas.

7. Gramaje y grosor
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Piezas de 100*100 mm de lamina se utilizan para
medir el gramaje y el grosor.
El gramaje se mide sobre un balance regular de 4 capas
para lograr un promedio.
El grosor también se mide sobre 4 capas y sobre dos

diferentes manchas para conseguir un buen promedio.

B. Medicién de resistencia tensil

La resistencia tanto en huimedo como en seco se mide
en un Instron SCAN-P58:86.
Cinco tiras de 15-mm se miden para consegqguir un promedio.
Cuando se mide la resistencia a la humedad la tira es

embebida durante 15 segundos en agua de grifo.

Preparacién a gran escala de MACS y aplicacién en una

maquina de papel de tejido a escala completa.
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La reparacién del MASC con 15% de aldehidos oxidados
a acidos carboxilicos, como se describen en el ejemplo 1

se escald hasta una escala de 40 kqg.

En la primera etapa se preparé almidén dialdehido al
100% (DAS). Periodato de sodio (27 kg) se disolvié en 200
L de agua en un vaso de doble pared de 300 1 equipado con
agitador mecédnico La solucién se enfrié hasta 5°C. A esta
solucién se agregd almidén de papa (25 kg, 20,5 kg de
materias secas) en porciones, manteniende la temperatura
por debajo de 10°C. ,La lechada se agité durante 24 horas
a 5°C. Luego, las sales de yodato de sodio se removiero
mediante decantacién después de el decantamiento del DAS.
Los granos no se lavaron con agua desionizada hasta que
no se pudo detectar el yodato de odio con yoduro de
potasio y Acido sulfirico. Este procedimiento se repitid
una vez y una vez mis utilizando 21 kg de periodato de
sodio y 20 kg de almidén. La produccién total de almidén
dialdehido fue de 47kg de DAS (82% del teébérico, debido a

algunas perdidas durante el procedimiento de lavado).
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En la segunda etapa de oxidacién, se prepararon los
MACS. El1 DAS (11,75 kg) fue lechado en aproximadamente
150 L de agua desionizada en un vaso de doble pared de
300 L. Se agregdé bromuro de sodio (1,41 kg) vy
subsecuentemente Acido peracético se agregd (7,07 kg, 39%
de actividad) lentamente utilizando una bomba que corre a
20 mL/min. E1 pH se mantuvo entre 4,7 y 5,3 mediante un
controlador de pH agregande NaOH 4M. La temperatura se
mantuvo entre 15°C y 20°C. Después se agregaron todos los
quimicos, la solucidén se agitd durante toda la noche para
asequrar gque se completara la reaccién. Después de
reaccién, el volumen se redujo y parte de las Areas de
acetato de sodio que se formaron durante la reaccién se
removieron utilizando una unidad de filtracién de
membrana (exclusién limite de 10000 D) para obtener una
solucidén que contenia aproximadamente 10% de MACS. Este
procedimiento se ejecutd 4 veces, y los productos se
mezclaron. El rendimiento de la reacci6én de MACS en la
segunda etapa de oxidacién fue de 42 kg (87 % del
tedrico).

Una solucidén (490 kg) que contenia 8,6% de MACS se

obtuvo. El1 polimero obtenido de esta manera tuvo
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caracteristicas similares con relacién al peso molecular
y la densidad de carga que el material descrito en el

ejemplo 1.

El papel de tejido que contenia MACS se produjo en

una miquina de papel. Ver ejemplo 10.

EJEMPLO 10: aplicacién en una maquina de papel de tejido

a escala completa.

Con los MACS asi preparados (ver ejemplo 9),el papel
tejido se hizo a escala industrial (proceso continuo) y
las propiedades del tejido se compararon con aquellas
obtenidas con agentes convencionales resistentes a la

humedad.

Tres clases de tejido se hicieron utilizando 1la
siguiente composicién de pulpa: 65% de pulpa TCF(pulpa
total libre de cloro) y 33% de Pulpa HTCTM (pulpa quicio-

termo-mecénica a alta temperatura).
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La primer corrida fue la referencia, en la cual solo
se aplicé PAE (9 kg/ton de pulpa). La segunda corrida se

prepard utilizando PAE (9, kg/ton de pulpa) y CMC,

hercobond C129 con un grado de sustitucién de 0,65-0,9,
PAE (9 kg/ton)

(1,7 kg/ton de pulpa). La tercer corrida,

y 1,7 kg de MACS por toneladas se utilizé- Los resultados

con relacién a la resistencia a 1la humedad,

tensil htmedo se resumen en la tabla 3.

€ indice

Tabla 3. Propiedades de resistencia en himedo y en seco

con papel tejido con PAE, PAE/CMC y PAE/MACS,

respectivamente.

Corrida |Muestras Resistencia | Resistencia | findice de
de tejido |[en seco en humedo resistencia

(Nm/qg) (Nm/g) tensil (%)

1 PAE{ref.) 8,9 2,5 28,1

2 PAE/CMC 11,6 3,2 27,3

3 PAE/MACS 3,2 3,2 29,6

X
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Como se puede ver de la tabla 3, tanto los MACS como los
CMC mejoraron las propiedades del tejido con respecto a
la resistencia en hiGmedo y en seco y los CMC y los MACS

exhibieron las mismas propiedades.
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REIVINDICACIONES

1. Uso de un polimero soluble en agua o dispersable en
agua que tiene un peso molecular de al menos 800 que
contienen 0,25-2,25 grupos aldehido por unidad recurrente
de polimero y/o al menos 5 grupos aldehido por molécula y
que contienen al menos un grupo anidénico por molécula, la
proporcién de los grupos aldehido a los grupos anidnico
es mayor de 0,75:1, como un aditivo resistente a la

humedad.

2. Uso de acuerdo a la reivindicacién 1, en el cual el
grado de sustitucién para los grupos aldehido es 0,1-2,95
por unidad recurrente del polimero, y el grado de
sustitucién para los grupos anibnicos es 0,03-1,0 por

unidad recurrente de polimero.

3. Uso de acuerdo a la reivindicacién 1, en la cual el
grado de sustitucién para los grupos aldehidos es 0,25-
2,25 por unidad recurrente de polimero, y el grado de
sustitucién para los grupos aniénicos es 0,05-0,4 por

unidad recurrente de polimero.
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4, Uso de acuerdo a cualquiera de las reivindicaciones
1-3, en la cual los grupos anibénicos comprenden grupos

carboxilicos.

5. Uso de acuerdo a cualquiera de las reivindicaciones

1-4, en la cual el polimerc es un polisacarido.

6. Uso de acuerdo a la reivindicacién 5, en la cual el
polimero es almidén o celulosa o un polimero derivado de

almidén o celulosa.

7. Uso de acuerdo a la reivindicacién 5 o 6, en la cual
los grupos aldehidos y los grupos aniénicos estén
presentes como un resultado de oxidacién de unidades
estructurales de hidroxietileno de unidades

monosacarido.

8. Uso de acuerdo a las reivindicacién 5 o 6, en la
cual los grupos aldehidos y los grupos anidnicos estan
presentes como un resultado de oxidacién de unidades

estructurales de hidroximetilo de unidades moncsacaride.
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9. Uso de acuerdo a cualquiera de las reivindicaciones
precedentes, en las cuales los grupos anidénicos estéan

presentes como un resultado de carboximetilacidn.

10. Uso de acuerdo a cualquiera de las reivindicaciones
precedentes, en las cuales el polimero contienen
adicionalmente grupos cationices c¢con un grado de

sustitucién de 0,01-0,50.

11. Derivado de carbohidrate que contienen 0,10-2,95
grupos aldehido y 0,03-1,0 grupos aniénicos y 0,01-0,50

grupos cationicos por unidad recurrente.

12. Una composicién resistente a la humedad que contiene
10-90% de un derivado de carbohidrato que contienen 0,10-
2,95 grupos aldehido, y 0,03-1,0 grupos anidénicos por
unidad recurrente y 90-10% de un polimero catidénico, el
porcentaje esta basado sobre el total del derivado

carbohidrato y del polimero catiénico.
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13. Una fibra celulésica tratada con un polimero como se
definié en cualquiera de las reivindicaciones 1-11, o con

una mezcla de acuerdo a la reivindicacién 12.
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RESUMEN

La invencidén se relaciona con el uso de un polimero
soluble en agua o dispersable en agua que tienen un peso
molecular de al menos 800, que contiene al menos cinco
grupos aldehido por melécula y al menos un grupo
carboxilico por molécula, la proporcién de los grupos
aldehido a los grupos carboxilc es mayor de 0,75:1, como
un aditivo resistente a la humedad. La invencién también

describe derivados cationicos novedoscs de estos.

P-457
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(ULTIMAS REIVIMDICACIONES PRESENTADAS)

REIVINDICACIONES

1. Uso de un biopolimero soluble en agua o dispersable
en agua que tiene un peso molecular de al menos 800 que
contienen 0,25-2,25 grupos aldehido por unidad recurrente
de biopolimero y/o al menos 5 grupos aldehido por
molécula, los grupos aldehido estdn presentes como un
resultade de oxidaci6én de unidades estructurales
dihidroxietileno y/o0 hidroximetilo de unidades de
monosacdridos recurrentes, y que contienen al menos un
grupo aniénico por molécula, la proporcién de los grupos
aldehido a los grupos anidénico es mayor de 0,75:1, como

un aditivo resistente a la humedad.

2. Uso de acuerdo a la reivindicacidén 1, en el cual el
grado de sustitucién para los grupos aldehido es 0,1-2,95
por unidad recurrente del biopolimero, y el grado de
sustitucién para los grupos aniénicos es 0,03-1,0 por

unidad recurrente del biopolimero.
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3. Uso de acuerdo a la reivindicacién 1, ,en la cual el
grado de sustitucién para los grupos aldehidos es 0,25-
2,25 por unidad recurrente del biopolimero, y el grado de
sustitucién para los grupos anidnicos es 0,05-0,4 por

unidad recurrente del biopolimero.

4. Uso de acuerdo a cualqulera de las reivindicaciones
1-3, en la cual los grupos aniénicos comprenden grupos

carboxilicos.

5. Uso de acuerdo a cualquiera de las reivindicaciones

1-4, en la cual el biopolimero es un polisacérido.

6. Uso de acuerdo a la reivindicacién 5, en la cual el
biopolimero es almiddébn o celulosa o un polimero derivado

de almidén o celulosa.

7. Uso de acuerdo a la reivindicacién 5 o 6, en la cual
los grupos aldehidos y 1los grupos anibnicos estan
presentes como un resultade de oxidacién de unidades
estructurales de hidroxietileno de unidades de

monosacArido recurrentes.
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8. Uso de acuerdo a las reivindicacién 5 o 6, en la
cual los grupos aldehidos y los grupos anidnicos estan
presentes como un resultado de oxidacién de unidades

estructurales de hidroximetilo de unidades monosacéarido.

9. Uso de acuerdo a cualguiera de las reivindicaciones
precedentes, en las cuales los grupos anidénicos estén

presentes como un resultado de carboximetilacién.

10. Uso de acuerdo a cualquiera de las reivindicaciones
precedentes, en las cuales el biopolimero contiene
adicionalmente grupos cationicos <c¢on un grado de

sustitucién de 0,01-0,50.

1l. Derivado de carbohidrato que contienen 0,10-2,95
grupos aldehido y 0,03-1,0 grupos aniénicos y 0,01-0,50

grupos cationicos por unidad recurrente.

12. Una composicién resistente a la humedad que contiene
10-90% de un derivado de carbohidrato que contienen 0, 10-

2,95 grupos aldehido, y 0,03-1,0 grupos aniénicos por



unidad recurrente, y 90-10% de un polimero catidénico, el
porcentaje esta basado sobre el total del derivado

carbohidratos y del polimero catiénico.

13. Una fibra celulésica tratada con un biopolimero como

gse definié en cualquiera de las reivindicaciones 1-11, o

con una mezcla de acuerdo a la reivindicacién 12.

P- 457
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Aldehyde-containing polymers as wet strength additives.

[0001] The present invention relates to the use of multifunctional aldehyde-containing
polymers as temporary wet strength agents for paper and tissue applications, as well as non-
wovens,

[0002] Wet strength is an important characteristic of paper and tissue products, and in non-
woven products. Wet strength of such products can be increased by using wet strength
additives. The most widely used wet strength additives for the paper industry are melamine-
formaldehyde and urea-formaldehyde. There is a tendency, however, to move away from
such oil-based chemicals, because they are not renewable and have a poor biodegradability.
Carboxymethyl cellulose (CMC) is currently used in combination with PAE (polyamino-
amide epichlorohydrin) as a wet strength agent (sec Espy, TAPPI Journal, 78, 90 (1995)).
However, CMC is also partly dependent on oil-bascd materials (monochloroacetic acid)
and, moreover, is a rather expensive material.

[0003] Oxidiscd celluloses have the advantage of being accessible from renewsble raw
materials only and possibly of being less expensive than CMC, while they may have

comparable properties to CMC. However, the oxidation of cellulose is hampered by the -

poor solubility of cellulose, making it insufficiently accessible to oxidising agents.

[0004] Aldehyde functions have been recognised as being useful in binding cellulose
fibers, to improve wet strength of the fibers. Thus, dialdehyde starch (TAPPI, 57, 81
(1974); and TAPPI 45, 750 (1962)) and dialdehyde guar and the like (WO 97/36054) have
been proposed as paper wet strength additives, US 3,087,852 and US 4,001,032 disclose
cationic dialdehyde starch, obtained by reacting dialdehyde starch with betaine hydrazide,
to be used as a paper strengthening additive.

[0005] US 5,935,383 discloses the use of anionic compounds, such as sulphato-ethyl-
amino-halotriazines, for providing the cellulose surface with additional anionic sites
suitable for retaining a high proportion of cationic wet strength additives such as PAE resin
on the cellulose.

[0006] WO 99/23117 and WO 99/23240 describe the oxidation of cellulose and starch,
respectively, with TEMPO and ao oxidative enzyme (laccase) and oxygen at pH 4-9
resulting in products containing low levels of carbaldehyde and carboxyl groups.

[0007] US 3,553,193 describes the oxidation of starch with bromite or hypobromite, which
results in verying levels of carbonyl (ketonic) and carboxyl groups depending on the
oxidation conditions, with a carbonyl/carboxy! ratio of between 2:1 and 8:1. The oxidation
products are stated to be suitable as paper strength additives. The oxidation of starch with
sodium hypochlorite is believed first to yield keto groups. In a later stage of oxidation

- W ——————— gy a -
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aldehyde groups may be formed. The mechapism postulated by Whistler (J. Am. Chem.
Soc., 79, 6460 (1957), sce also PhD thesis of Floor, Delft University of Technology, 1989)
however states that a diketo group is formed, which decomposes with OH- and is oxidised.
One has to assume that hypobromite reacts in an analogous way. A recent publication of
Deary and Davies in Carbohydr. Research 309, 17-29 (1998) reviews the bromine oxidation
and confirms that keto groups are the primary products from bromine oxidation. From their
experiments with a-cyclodextrins they conclude also that the keto product is formed. They
present no evidence for the formation of aldehydes. Also, Torneport et al (Starch 42 , 413-
417 (1990)) and Salomonsson et al (Carbohydrate Res. 217 (1991)) state that oxidation of
starch with bromine species (Bra:CH = 1/40 to 1/1) at pH 7 results in keto groups and
carboxylic acids. It is known that higher pH’s lead to higher carboxylate contents.

[0008] It was found that multifunctional polymers, especially biopolymers, having both
eldehyde functions and carboxylic acid and/or other anionic functions, the ratio between
aldehyde functions and anionic functions (hereafter referred to as A/C ratio) being at least
0.75:1, preferably at least 2:1, up to about 15:1, preferably up to 10:1, are very useful as
wet strength additives, These polymers are excellent substitutes for known wet strength
agents such as carboxymethyl cellulose (CMC) and dialdehyde starch because of their
better ecological acceptability (degradability) and their improved water-solubility and thus
better accessibility to further reagents, and an improved functionality.

[0009] The polymers to be used can be of a synthetic type, such as a copolymer of acrylic
acid and acrolein, & copolymer of maleic acid and maleic {(mono)aldehyde, appropriately
modified polyvinyl alcohol or appropriately (aldehyde-)substituted polyacrylic acid or the
like, having the desired level of aldehyde groups and the desired A/C ratio.

[0010] It is preferred, however, that the polymer is a biopolymer. Suitable biopolymers
include (modified) peptides and proteins, proteoglycans and in particular polysaccharide-
types of polymer. Examples of polysacchsrides include a-1,4-glucans (the "starch family",
including amylose, amylopectin, dextrins and cyclodextrins), a-1,6-glucans (dextran) and
mixed a-glucans such as pullulan, B-1,4-glucans (cellulose), B-1,3-glucans such as
scleroglucan and curdlan, xyloglucans, glucomannans and galactomannans (guar and locust
bean gum), other gums including heterogeneous gums like xanthan, ghatti, carrageenans,
alginates, pectin, (arabino)xylans (hemiceliulose), p-2,1- and p-2,6-fructans (inulin and
levan), etc. The biopolymers may also be synthetically modified.

[0011] The simultaneous presence of aldehyde and anionic, such as carboxyl (-COzH),
sulpho (-SO;H) and phosphono (-PO;H;) groups, can be achieved by various methods.
These methods comprise:
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(1)  introduction of anionic groups by addition, followed by introduction of aldehyde
functions, e.g. by oxidation; here, the anionic groups such as carboxy! groups or other
acid groups may be introduced e.g. by carboxyulkylation, sulpbatation, sulpho-
alkylation, phosphatation, or the like, or they may be present in polymers which already
have added acid groups by biosynthesis such as sulphate groups in carrageenans; the
aldehyde functions can be introduced e.g. by oxidation of 1,2-dihydroxyethylene groups
(such as those at the 2,3-position of 1,4-linked or 1,6-linked glucans) using periodate-
type oxidising agents, or by partial oxidation of hydroxymethy} groups (such as those at
the 6-position of 1,4-linked or 1,3-linked glucans) using nitric oxide (NOx) types of
oxidising agents;

) introduction of carboxy! groups by oxidation of hydroxymethyl groups followed by
introduction of aldehyde functions by oxidation as under (1); here, the carboxyl
(anionic) groups are introduced by oxidation of the hydroxymethyl groups, such as
those at the 6~position of 1,4-linked or 1,3-linked glucans, using NOx-type of oxidising
agents, or they may be present in polymers already containing 6-carboxyl groups by
biosynthesis, if necessary after hydrolysis of ester groups, such as pectins, xanthans and
alginates; the aldehyde groups can again be introduced e.g. by oxidation of 1,2-di-
hydroxyethylene groups, or by partial oxidation of further hydroxymethyl groups;

3) controlled oxidation of hydroxymethyl groups (such as those at the 6-position of
1,4-linked or 1,3-linked glucans) so as to partly convert them to aldehyde functions and
to convert only a (minor) part of the aldehyde functions so obtained to carboxyl
functions;

4 introduction of aldehyde groups, e.g. by oxidation of 1,2-dihydroxyethylene groups
(such as those at the 2,3-position of 1,4-linked or 1,6-linked glucans) using periodate-
type oxidising agents, followed by partial further oxidation thereof to carboxyl groups
using different oxidising agents such chlorite or bromine;

(3) introduction of (protected) aldehyde groups (e.g. furan acetals) by etherification,
e.g. as described in US 4,731,162 and US 4,741,804, followed by introduction of
carboxymethyl groups.

Further combinations of partial reaction steps as described above are also contemplated.

[0012] The individual reaction steps referred to above are known in the art. Carboxy-

methylation of polysaccharides is also widely used in the art, and is commonly performed

using sodium monochloroacetate in alkaline medium or by hydroxyalkylation (¢.g. with
ethylene oxide) followed by catalytic oxidation. Other carboxyalkylation, such as carboxy-
ethylation, can be accomplished by base-catalysed addition of acrylamide followed by
hydrolysis, or by addition of succinic or maleic or other anhydride, etc. Sulphate and sulpho
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groups can be imtroduced by reaction with sulphuric ecid derivatives such as chloro-
sulphonic acid or with vinylsulpbonic acid or taurine analogues. Phosphorylation can be
achieved by reaction with pbosphoric acid or its derivatives or with haloalkyl-phosphonic
acids.
[0013] Also, oxidation of 1,2-dihydroxyethylene groups in the recurring units of poly-
saccharides is extensively known, and can be performed with periodate or similar polyoxy-
anions, resulting in C-C bond scission according to the equation:

~-CHOH-CHOH- — -CH=0 + O=CH-
and thus to opening of the cyclic anhydromonosaccharide unit. These products are usually
referred to as "dialdehyde carbohydrates” such as dialdehyde starch (DAS) and dialdehyde
inulin (DAI).
[0014] The partial further oxidation of these dialdehyde carbohydrates can be accom-
plished, e.g. with sodium chlorite with or without hydrogen peroxide, the molar amount of
chiorite, with. respect to the dialdehyde product, determining the carboxyl content of the
final product.
{0015] A particularly advantageous method of further oxidising dialdehyde carbohydrates
in a partial and controlled manner is described in PCT/NL99/00673 (WO00/26257,
published 11 May 2000) and proceeds by reacting the dialdehyde product with a catalytic
amount of halogen, such as chlorine, iodine and especially bromine. Halogen is regenerated
in situ by oxidation with an oxidising agent. Sodium hypochlorite can be used for the
(re)generation of the molecular halogen, but preference is given to peracids. The catalytic
amount of molecular halogen may be 0.2-40, preferably from 1 to 10 mole%, with respect
to the amount of peracid. The peracid may be any peralkanoic acid such as peracetic acid,
perpropionic acid, perlauric acid etc., a substituted peralkanoic acid such as peroxy-
trifluoroacetic acid, an optionally substituted aromatic peracid such as perbenzoic acid or
m-~chloroperbenzoic acid, or an inorganic peracid such as perboric or persulphuric acid. The
molar amount of oxidising agent (e.g. perucid) with respect to the dialdehyde product,
determines the carboxyl content of the final product.
[0016] This method, besides reducing the amount of halide produced, is also beneficial to
the properties of the partially oxidised products, in particular as to a more regular
distribution of carboxyl and aldehyde groups. In addition, this method is cheaper than the
oxidation with sodium chlorite in the presence of hydrogen peroxide and produces less
halide waste.
[0017] The selective oxidation of hydroxymethy! groups (i.e. primary hydroxy! functions)
to aldehyde and/or carboxyl functions has been known for several years. Nitric oxides, i.e.
nitrogen dioxide and dinitrogen tetroxide or nitrite/nitrate are known in the art as suitable



15

20

25

30

‘35

U

WO 01/83887 PCT/NL0O1/00343

5

oxidising agents for these oxidations, as described ¢.g. in US Patent 3,364,200 and NL
patent application 93.01172 and by Painter, Carbohydrate Research 55, 950193 (1977) and
ibid. 140, 61-68 (1985). This oxidation may be performed in an apolar, e.g. halogenated,
solvent, or in an aqueous solvents, such as phosphoric acid.

[0018] A preferred reagent for the selective oxidation of hydroxymethyl groups is
constituted by nitroxyl compounds, such as TEMPO (2,2,6,6-tetramethyl-piperidine-N-
oxide) and related compounds such as 2,2,5,5-tetramethylpyrrolidine-N-oxyl, 2,2,5,5-
tetramethylimidazoline-N-oxyl, and 4-hydroxy TEMPO and derivatives thereof such as the
4-phosphonooxy, 4-acetoxy, 4-benzoyloxy, 4-oxo, 4-amino, 4-acetamino, 4-maleimido, 4-
isothiocyanato, 4-cyano and 4-carboxy TEMPO. TEMPO is used in these reactions as a
catalyst (e.g. using 0.1-25 mol% with respect to final oxidising agent) in the presence of a
final oxidising agent such as hypochlorite or hydrogen peroxide. TEMPO oxidation has
been described e.g. in WO 95/07303. Further intermediate oxidants such as metal
complexes (see PCT/NLO00/00118 = WO 00/50388), enzymes such as laccase or per-
oxidases (see WO 99/23240 and WO 99/23117 and PCT/NL.O0/00117 = WO 00/50621) can
be used. Examples of metal complexes are complexes of a transition metal such as
manganese, iron, cobalt, nickel, copper, vanadium or ruthenium, with a complexing agent,
especially nitrogen-containing compound such as a bipyridyl, 2 trimethyl-triazonane or
other poly(tertiary amine) or a (poly)histidine; such metal complexes can be used in an
amount of 1-25 mol% with respect to the number a aldehyde or carboxyl groups desired.
The actual oxidising species in the TEMPO-mediated oxidations is believed to be the
nitrosonium ion. The A/C ratio can be controlled by sclecting appropriate conditions:
aldchyde formation is favoured at low temperatures (0-20 °C) and at relatively low pH (3-
7) and by controlled addition and/or low levels of oxidising agent.

[0019] The anionic groups in the products thus obtained may be free carboxyl, sulpho or
phosphono groups (acid form) or may be in the salt form, e.g. with sodium, potassium,
ammonium or substituted ammonium as the counter cation. The aldehyde- and acid-
containing products have at least 5 aldehyde groups, especially at least 10 aldehyde groups,
and at least 1 anionic group, especially at least 3 anionic groups, such as carboxyl groups,
per molecule, also depending on the molecular weight (degree of polymerisation, DP).
Thus, for smaller molecules, e.g. having a molecular weight below 3,000, the number of
aldehyde groups per molecule may be lower, e.g. at least one per 600 Da, with a minimum
of 2. The degree of substitution (DS) for aldehyde groups is preferably between 5 and 98 %
of the maximum value, more preferably between 25 and 75%. As the maximum number of
aldehyde groups in most oxidised polysaccharides is 3 per recurring (monosaccharide) unit,
the DS expressed in number of substituent groups per recurring unit is at least 0.10,
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preferably between 0.15 and 2.95, more preferably between 0.25 and 2.25). The DS for
anionic groups, especially carboxylic groups, is preferably between 0.03 and 1.0, more
preferably between 0.05 and 0.4 per recurring unit.

[0020] If desired for the purpose of enhancing wet strength, the multifunctional product
can be further chemically modified. A particularly suitable derivative is a product -also
containing cationic groups. Such cationic groups can be introduced by reacting a part of the
aldehyde groups with an amine, hydrazine, hydrazide or the like, optionally under reductive
conditions, or by rescting, at some stage during the production, saccharidic hydroxyl
groups with ammonium-~containing reagents such as trimethylammonio-alkyl halides or
epoxides. These multifunctional cationic compounds contain at least 0.01 up to about 0.50
cationic groups per recurring unit, preferably from 0.02 to 0.25 cationic groups per
recurring unit; they are also part of the invention.

[0021] Alternatively, the aldehyde-anionic polymers can be combined with separate
cationic compounds such as, for example, cationic polysaccharides, in particular cationic
DAS, or with other conventional cationic wet strength agents such as PEI (polyethylene-
imine) or PAE, to produce a composite wet-strength agent. The weight ratio between the
aldehyde/anionic polymer and the cationic compound can be e.g. from 90:10 to 10:90,
especially from 75:25 to 15:85. Such composite wet strength agents are a distinct
embodiment of the invention.

[0022] The aldehyde-containing anionic polymers can be combined, usually as aqueous
solutions or dispersions with cellulosic fibres in & manner known for the application of wet
strength agents. The amount of agent is preferably between 0.1 and 4 % by weight,
especially between 0.2 and 2 % by weight, with respect to the cellulosic fibre. If desired,
cationic wet strength agents can be applied subsequently followed by drying the fibre web.
Addition of a cationic polymer is usually necessary for multifunctional derivatives that do
not themselves contsin cationic groups, because otherwise there would insufficient
absorption of the derivative to the fibre. Further altemate layering with aldehyde-containing
anionic polymer and cationic polymer can also be advantageous.

Examples

Abbreviations:

6-AS: 6-aldehyde starch

DAS: dialdehyde starch

MACC: monoaldehyde-carboxy cellulose
MACS: monoaldehyde-carboxy starch
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PAE: polyamide-amide epichlorohydrin
PCD: particle charge determination
PEI: polyethyleneimine

Exampile 1

a) Preparation of MACS with peracetic acid/bromide to different degrees of oxidation
Dialdehyde starch (oxidation degree 100%) was prepared by adding 6.6 g sodium periodate
(31 mmole) to a slurry of 5.0 g (dry weight) starch (31 mmole) in 100 ml water which was
brought to pH 5 with diluted acetic acid and cooled to 4°C. The mixture was stirred for 24
hours at 4°C in the absence of light. The obtained product was isolated by filtration and
washed with water until iodate could no longer be detected by reaction with potassium
iodide.
To obtain MACS, the dialdehyde starch was reslurried in 100 m! water and part of the
aldehydes were further oxidised to carboxylates. To achieve this, sodium bromide (0.5 g)
was added and then peracetic acid (0.6 M) was added portion-wise (see Table 1). The pH
was kept constant at pH 5 using 0.5 M NaOH (pH-stat.). After reaction, the aldehyde
carboxy starch was purified by membrane filtration (molecular cut-off 5000 MW) and
freeze-dried. :

Table 1: Conversion of DAS to MACS

Sample Totally added peracetic acid % aldehydes oxidised to
solution (m! of 0.6 M solution) carboxylates
AS 5 5
Al0 10 10
A1l0 31 30
A50 52 50

b) Application as wel strength additive

The addition levels were 10 mg/g MACS and 10 mg/g PAE.

Sheets were prepared as in example 8. The results are presented in Figure 1.

The highest relative wet strength was obtained in the sheets treated with MACS with an
oxidation degree of 10% and PAE. The performance of this combination is better than the
combination of CMC and PAE, which is commonly used nowadays. It may be noted that
when no additives are used, essentially no wet strength is obtained (compare Figure 6).
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Example 2

MACS with an oxidation degree of 50% was prepared as described in Example 1. This
polymer was added to pulp together with PEI (3mg/g and 7mg/g, respectively).

Sheets were prepared as in example 8. The results are presented in Figure 2. It may be
noted that PEI does not give wet strength by itself (like PAE does). The wet strength shown
in the case of MACS + PEI can be completely ascribed to MACS.

Example 3 .

a) Preparation of MACS with chlorite/hydrogen peroxide to different degrees of oxidation
Dialdehyde starch (oxidation degree 100%) was prepared as described in example 1.

To obtain MACS, 5 g of the dialdehyde starch (30 mmole AGU) was reslurried in 100 ml
water and cooled to 4°C. In order to oxidise pert of the aldehydes to carboxylates, hydrogen
peroxide (640 ! of 2 30 % solution, 6 mmole) and 700 mg sodium chlorite (80% grade, 7.5
mmole) were added (see Table 2). The pH was kept constant at pH 5 using 0.5 M NaOH
(pH stat). After reaction, the aldehyde carboxy starch was purified by filtration and
washing with water and the product was subsequently freeze-dried.

Table 2: Conversion of DAS to MACS

Sample | Added hydrogen peroxide | Added sodium chlorite | % aldehydes oxidised
solution (30%) (jul) (80%) (mg) to carboxylates
Ac5 320 350 5
Acl( 640 700 10
AclS 960 1050 15

b) Application as wet strength additive

Sheets were prepared as in example 8.

The addition levels were 10 mg/g MACS and 10 mg/g PAE. The results are presented in
Figure 3.

Example 4

Dialdehyde cellulose (oxidation degree 100%) was prepared by adding 6.6 g sodium
periodate (31 mmole) to a slurry of 5.0 g (dry weight) cellulose (31 mmole) in 100 m! water
which was brought to pH 5 with diluted acetic acid and cooled to 4°C. The mixture was
stirred for 1 week at 4°C in the absence of light. The obtained product was isolated by

filtration and washed with water until iodate could no longer be detected by reaction with
potassium iodide.
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To obtain MACC, the dialdehyde cellulose was resturried in 100 ml water and half of the
aldehydes were further oxidised to carboxylates. To achieve this, sodium bromide (0.5 g)
was added and then peracetic acid (0.6 M) was added portion-wise (52 ml of a 0.6 M
solution). The pH was kept constant at pH 5 using 0.5 M NaOH (pH-stat.). After reaction,
the aldehyde carboxy cellulose was purified by membrane filtration (molecular cut-off
5000 MW) and freeze-dried.

Sheets were prepared as in example 8. The results are presented in Figure 3.

Example 5
MACS with an oxidation degree of 10 % was prepared as described in example 1. This
material was added to pulp (10 mg/g) together with cationic dialdehyde starch (10 mg/g).

. Sheets were prepared as in example 8. The results are presented in Figure 3.

Example 6

MACS with an oxidation degree of 10 % was prepared as described in example 1. 1 g of
this material was suspended in water and Girard’s reagent (NH;NHCOCH,N'(CH»)s,
betaine hydrazide, 100 mg for 10% cationisation) was added. The solution was stirred for 2
hours at 40°C and was subsequently freeze dried. A cationic MACS derivative was
obtained. This sample was added to pulp (addition level 10 mg/g), and sheets were prepared
as in example 8. The cationic MACS derivative adsorbs onto the fibres and gives wet
strength, When added together with PAE (10 mg/g), the performance increased with
lowering of the content of cationic groups (see Figure 4).

Example 7

6-Aldehyde starch was prepared by a TEMPO-mediated oxidation of starch. 5.0 g (dry
weight) starch (31 mmol) was gelatinised in 250 m! water. TEMPO (65 mg) and horse-
radish peroxidase (100 mg) were added. The pH of the solution was adjusted to 5.0 using
diluted acetic acid. Hydrogen peroxide (3.75 ml of a 30 % solution, 33 mmole) was diluted
to a volume of 125 ml and was added gradually at a rate of 5 ml/hour. The reaction time
was 25 hours at room temperature. Adjustment of the pH during reaction was not
necessary. The product was purified by membrane filtration (molecular cut-off 5000 MW)
and freeze-dried.

1 g of this material was redissolved in water and Girard’s reagent (100 mg for 10%
cationisation) was added. The solution was stirred for 2 hours at 40°C and was
subsequently freeze dried again. A cationic 6-aldehyde starch was obtained. This sample
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was added to pulp (addition level 10 mg/g) together with PAE (10 mg/g). Sheets were
prepared as in cxample 8. The results are shown in Figure 5.

Example 8

Sheet making with derivatives of the invention

1. Refining

500-530 grams of Ostrand TCF pulp is diluted to 12 litres and refined to 25 SR® by a
Laboratory refiner R1L, Escher Wyss. The pulp, when refined, is about 40 g/L so it is
diluted to the concentiration of 3 g/L.

2, Dynamic sheet former, Formette

A wire of 0,4 m? is used and we want the Grammage to be 30 g/m*.

The pulp is poured into the beater and the wet strength additive is added during stirring for
5 minutes. If PAE is added, it is added after five minutes and the pulp is stirred again for
two minutes. Drum speed 1400 rotations/min, dewatering 30 sec.

3. Press

An absorbent paper is put over the sheet and the wire is taken off. Before pressing another
absorbent paper is put over the sheet, so the sheet is between the two absorbent papers. The
sheet is preased at 0,5 bar once. To be able to compare sheets with each other, two sheets of
the same composition are made but pressed at two different pressures, 0,5 bar and 5 bar. In
thisw:ywemeompmthematthssamedmsitymycm’.

4. Drying

The sheet is cut into four pieces and dried two and two with a fixed point for three minutes
at a temperature of 140 °C.

3. Cutting

The sheet is cut into 15 mm strips for testing of dry and wet strength.

100*100mm is also cut out for measuring the thickness and Grammage.

6. Conditioning

The strips which wet strength is going to be tested are placed in a heating chamber, 105° C
for 10 minutes. Then both the strips for wet and dry strength are placed in a climate room,
temperature 23*C, moisture 50% for four hours. -

7. Grammage and thickness

100*100 mm picces of the sheet is used for measuring the Grammage and thickness.
Grammage is measured on a regular balance on 4 ayers to get an average,

Thickness is also measured on four layers and on five different spots to get a good average.
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8. Tensile strength measurement

The strength both wet and dry is measured in an Instron SCAN-P58:86.
Five 15-mm strips are measured to get an average.

When measuring the wet strength the strip is soaked for 15 sec in tap water,

Example 9:

Large-scale preparation of MACS and application in a full scale tissue paper machine

The preparation of MACS with 15% of the aldehydes oxidised to carboxylic acids, as
described in Example 1, was scaled up to 40 kg scale.

In the first step, 100% dialdehyde starch (DAS) was prepared. Sodium periodate (27 kg)
was dissolved in 200 L water in a double-walled 300 L vessel equipped with a mechanical
stirrer. The solution was cooled to 5°C. To this solution, potato starch (25 kg, 20.5 kg dry
matter) was added portion-wise, keeping the temperature below 10°C. The slurry was
stirred for 24 hours at 5°C. Then, the sodium iodate salts were removed by decantation after
settling of the DAS. The granules were washed with deionised water until no sodium iodate
could be detected with potassium iodide and sulphuric acid, This procedure was repeated
once and one more time using 21 kg sodium periodate and 20 kg starch. The overall yield
of dialdehyde starch was 47 kg of DAS (82 % of theory, due to some losses during the
washing procedure).

In the second oxidation step, MACS was prepared. DAS (11.75 kg) was slurried in about
150 L deionised water in a 300 L double-walled vessel. Sodium bromide (1.41 kg) was
added and subsequently peracetic acid (7.07 kg, 39% activity) was added slowly using a
pump running at 20 mL/min. The pH maintained between 4.7 and 5.3 by a pH controller
adding 4 M NaOH. The temperature was kept between 15°C and 20°C. After all chemicals
were added, the solution was stirred overnight to ensure complete reaction, After reaction,
the volume was reduced and part of the sodium acctate salts formed during reaction were
removed using a membrane filtration unit (exclusion limit of 10000 D) to obtain a solution
containing about 10 % MACS. This procedure was executed 4 times, and the products were
mixed. The reaction yield of MACS in the second oxidation step was 42 kg (87 % of
theoretical).

A solution (490 kg) containing 8.6 % MACS was obtained. The polymer obtained in this
way had similar characteristics regarding molecular weight and charge density as the
material described in Example 1.

A tissue paper containing MACS was produced at a paper machine. See Example 10.
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Exsmple 10: Application in a full scale tissue paper machine

With the MACS thus prepared (sec Example 9), tissue paper was made on an industrial
scale (continuous process) and the properties of the tissue were compared to those obtained
with conventional wet strength agents.

Three kinds of tissues were made using the following composition of pulp: 65% TCF pulp
(total chlorine free pulp) end 33% HTCTM pulp (high temperature chemi-thermo-
mechanical pulp). -

The first run was the reference, in which only PAE (9 kg/ton pulp) was applied. The second
run was prepared using PAE (9 kg/ton pulp) and CMC, Hercobond C129 with a degree of
substitution of 0.65-0.9, (1.7 kg/ton pulp). In the third run, PAE (9 kg/ton) and 1.7 kg

MACS per ton were used. The results with regard to the dry strength, wet strength, and wet
tensile index are summarised in Table 3.

Table 3. Wet and dry strength properties of tissue paper with PAE,
PAE/CMC and PAE/MACS, respectively.

Run | Tissue samples Dry strength Wet strength Tensile strength
(Nm/g) (Nm/g) index (%)
I PAE(ref.) 89 25 28.1
2 PAE/CMC 11.6 32 27.3
3 PAEMACS 10.8 3.2 29.6

As can be seen from Table 3, both MACS and CMC improve the properties of the tissue

with regard to wet and dry strength and CMC and MACS exhibit the same properties.
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Claims

1. Use of a water-soluble or water-dispersible polymer having a molecular weight of
at least 800, containing 0.25-2.25 aldehyde groups per recurring unit of the polymer
and/or at least 5 aldehyde groups per molecule and containing at least 1 anionic group
per molecule, the ratio of aldehyde groups to anionic groups being higher than 0.75:1,
as a wet strength additive. .

2. Use according to claim 1, in which the degree of substitution for aldehyde groups
is 0.1-2.95 per recurring unit of the polymer, and the degree of substitution for
anionic groups is 0.03-1.0 per recurring unit of the polymer.

3. Use according to claim 1, in which the degree of substitution for aldehyde groups
is 0.25-2.25 per recurring unit of the polymer, and the degree of substitution for
anionic groups is 0.05-0.4 per recurring unit of the polymer.

4. Use according to any one of claims 1-3, in which the anionic groups comprise
carboxylic groups.

5. Use according to any one of claims 1-4, in which the polymer is & polysaccharide.

6. Use according to claim 5, in which the polymer is starch or cellulose or a starch- or
cellulose-derived polymer.

7. Use according to claim 5 or 6, in which the aldehyde groups and the anionic groups
are present as a result of oxidation of dihydroxyethylene moieties of recurring mono-
saccharide units.

8. Use according to claim 5 or 6, in which the aldehyde groups and the anionic groups

are present as a result of oxidation of hydroxymethyl moieties of monosaccharide
units,

9. Use according to any one of the preceding claims, in which anionic groups are
present as a result of carboxymethylation.

10. Use according to any one of the preceding claims, in which the polymer fusther
contains cationic groups with a degree of substitution of 0.01-0.50.
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Carbohydrate derivative containing 0.10-2.95 aldehyde groups, and 0.03-1.0
anionic groups and 0.01-0.50 cationic groups per recurring umit.

A wet strength composition coataining 10-90% of a carbohydrate derivative
containing 0.10-2.95 aldehyde groups, and 0.03-1.0 anionic groups per recurring unit,
and 90-10% of a cationic polymer, the percentages being based on the total of
carbohydrate derivative and cationic polymer.

A cellulosic fibre treated with a polymer as defined in any one of claims 1-11, or
with a mixture sccording to claim 12.
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