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Method for the manufacture of a stable high solids suspension of cellulose

Field of the Invention

The present invention is directed towards a method for suspending neutral or anionically
modified cellulose to obtain a stable, high solids suspension which is suitable for use in the

formation of fibres.

Background of the Invention

Cellulose in particular in the form of fibres can be used for many applications and products,
so e.g. for the making of paper or board structures, but also for making spun fibres such as
viscose fibres or lyocell fibres which show excellent mechanical properties. Due to the
chemical nature of cellulose it is a very difficult material to dissolve directly, typically
requiring either very polar solvents that are expensive and often toxic and hazardous or else
that the cellulose is first derivatised to achieve dissolution in a more convenient solvent.
Without a derivatising charge the maximum cellulose that may be suspended in water to
obtain a gel composition is in the range of 6 to 9 % (percentage of cellulose nanofibrils in the
total gel composition) dependent on particle size. As alternative, prior art systems added a

high level to full derivatisation charge to achieve stable suspensions at solids levels of greater
than 9%

Applicants have now surprisingly found that suspension can be achieved without the need for
full derivatisation and at levels above that normally deemed possible using uncharged
cellulose moieties. Thus the present invention allows the preparation of stable suspensions of
cellulose nanofibrils to high concentrations which may then be used for further processing to

prepare fibres or films directly.
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Summary of the Invention

The present invention is directed towards a method for suspending neutral or anionically
modified cellulose to obtain a stable, high solids suspension which is suitable for use in the

formation of fibres.

More specifically, the invention provides a method for preparing a stable, high solids
suspension of neutral or anionically modified cellulose nanofibrils comprising the steps of: (a)
isolating neutral or anionic cellulose nanofibrils from cellulose-based material and (b)
preparing a stable suspension of the neutral or anionic cellulose nanofibrils in a (viscous)

continuous phase that is suitable for use as a basis for fibre spinning.

The term “high solid(s)” as used herein in combination with the suspensions obtained refers to
the solid content of neutral or anionic cellulose nanofibrils in the suspension, which solid
content refers to the weight ratio of the neutral or anionic cellulose nanofibrils to the
continuous phase in the suspension expressed in percentage. Preferably, the solid content of
neutral or anionically modified cellulose nanofibrils in the suspension is in the range of 7 to

80 % solids, preferably 9 to 60 %, more preferably 20 to 40 %.

The term "continuous phase" (as used in reference to the high solid suspension) is a viscous
continuous state and refers to a liquid in which the anionically charged or neutral cellulose
nanofibrils are dispersed, with or without, preferably with, the presence of additives or

suspending agents (to obtain said viscous continuous phase).

It is understood that as used herein the term "disperse” may include all states of dissolution,

including suspend and dissolve, which are representative for the (lower and upper) limits of

dispersing.

A suitable additive (also termed suspending agent) is typically a viscous agent and may be a
natural gum (e.g. gum arabic, gum tragacanth, guar gum, locust bean gum, carrageenan) a
pectin, an alginate, a cellulose derivative (e.g. hydroxypropylmethylcellulose, methyl
cellulose, hydroxyethylcellulose, carboxymethylcellulose), preferably methyl cellulose (such
as the methyl cellulose or hydroxyl propyl methyl cellulose supplied by Dow Wolff
Cellulosics under the trade name Methocel). Once dispersed into the liquid, the additive or

suspending agent will dissolve.

Examples of a suitable liquid - into which said additive or suspending agent is dispersed (and
finally dissolved) to obtain the (viscous) continuous phase - includes aqueous solvents,

alcohols, ethers, ketones, preferably aqueous solvents, more preferably water. The term

2
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“aqueous solvent” refers to a solvent comprising at least 50%, preferably at least 80%, more
preferably at least 90% and optimally from 95 to 100% water by weight of the solvent. The

aqueous solvent may have a pH of from 2 to 10, more preferably from 4 to 8 and optimally
from 5.5 to 7.5 at 20° C.

Thus in a specific embodiment, the invention provides a method for preparing a stable, high
solids suspension of neutral or anionically modified cellulose nanofibrils (that is suitable for
use as a basis for fibre spinning) comprising the steps of: (a) isolating neutral or anionic
cellulose nanofibrils from cellulose-based material and (b) preparing a stable suspension of
the neutral or anionic cellulose nanofibrils in a (viscous) continuous phase by dispersing the

nanofibrils obtained in step (a) in a liquid in the presence of a (dispersed or dissolved)

additive.

Thus in preferred embodiments the invention provides a method for preparing a stable, high
solids suspension of neutral or anionically modified cellulose nanofibrils, wherein the solid
content of neutral or anionically modified cellulose nanofibrils in the suspension is in the
range of 6 to 80 %, comprising the steps of: (a) isolating neutral or anionic cellulose
nanofibrils from cellulose-based material and (b) preparing a stable suspension of the neutral
or anionic cellulose nanofibrils in a (viscous) continuous phase by dispersing the nanofibrils

obtained in step (a) in a liquid in the presence of a (dispersed or dissolved) additive .

The term "stable suspension” (or viscous continuous phase) refers to a suspension of the
neutral or anionically modified cellulose nanofibrils in a liquid (comprising the dissolved
additive or suspending agent) in which (liquid or suspension) said cellulose is substantially
insoluble, but wherein upon preparation the cellulose nanofibrils remain overtime, i.e. up to
48 hours, preferably up to 24 hours, evenly dispersed, i.e. not substantially agglomerated
within the suspension without any separation (such as floating or sedimentation) is occurring.
The term “substantially insoluble” refers to such a small degree of solubility so as not to effect

the nanofibrillar structure of the cellulose.

As used herein, the term “nanofibril” or “nanofibrillar” in combination with cellulose refer to
cellulose that is substantially completely in the form of nanofibrils, and those which may be
substantially nanofibrillated while containing minor but not significant amounts of non-
nanofibrillar structure, provided that the cellulose is in sufficient nanobrillar form to confer
the benefits necessary for use in the methods of the present invention. Nanofibrils obtained

from anionically modified cellulose are referred to as anionic cellulose nanofibrils or
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nanofibrillar anionically modified cellulose. Nanofibrils obtained from neutral cellulose are

referred to as neutral cellulose nanofibrils or nanofibrillar neutral cellulose.

The cellulose nanofibrils may be extracted from nanofibril containing cellulose-based
material, including hydrolyzed or mechanically disintegrated cellulose obtained from cotton
linter, hard or soft wood pulp, purified wood pulp or the like, commercially available
cellulose excipients, powdered cellulose, regenerated cellulose, microcrystalline and low
crystallinity celluloses. Preferred cellulose sources are derived primarily from wood pulp.
Suitable wood pulp fibres include ground wood fibres, recycled or secondary wood pulp
fibres, and bleached and unbleached wood pulp fibres. Both softwoods and hardwoods can be

used. Details of the selection of wood pulp fibres are well known to those skilled in the art.

In case of anionicélly charged nanofibrils, suitable wood pulp fibres can be obtained from
well known chemical processes such as the kraft and sulfite processes, with or without
subsequent bleaching. Pulp fibres can also be processed by thermomechanical, chemi-
thermomechanical methods, or combinations thereof. Preferably the cellulose is obtained by
chemical pulping and extraction. The anionic charge is preferably provided by derivatisation
with suitable groups carrying a negative charge, such as sulfur-containing groups (e.g. sulfate,
sulfonate, alkylsulfate, alkylsulfonate), carboxyl & carboxymethyl groups, phosphor-

containing groups (e.g. phosphate, phosphonate), nitro groups or the like, or combinations
thereof.

These are characterized by having an elongated form, having an average length in the range of
15-300 nm, preferably in the range of 50-200 nm. The average thickness is preferably in the

range of 3-300 nm, preferably in the range of 3-200 nm, more preferably in the range of 10-
100 nm.

In specific embodiments the anionically modified cellulose nanofibril is a cellulose nanofibril

derivatized with sulfur containing groups, such as sulfated or sulfonated cellulose nanofibrils.

In a further preferred specific embodiment, the anionically modified cellulose is sulfur-
derivatized cellulose, more specifically sulfur-derivatized cellulose nanofibril. Thus, as used
herein “sulfur-derivatized cellulose nanofibril” refers to a cellulose nanofibril that has been
derivatized with anionically charged sulfur groups by reaction of a cellulose nanofibril with a
suitable sulfating agent. It will be appreciated that sulfur-derivatized cellulose nanofibril
includes free acid and salt forms where appropriate. A sulfur-derivatized cellulose nanofibril

can be produced by reacting a sulfating agent with a hydroxyl group of the cellulose nanofibril
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to provide a cellulose sulfate ester according to literature procedures (see e.g. Cellulose (1998)
5, 19-32 by Dong, Revol and Gray).

The degree of substitution of anionically modified groups on the cellulose nanofibril should
be sufficiently low such that the derivatized cellulose nanofibril will be substantially insoluble

(as indicated above) in the continuous phase (or liquid) that is present in the intended methods

of the invention.

In specific embodiments, the anionically modified cellulose nanofibril of the invention can be
characterized as having an average degree of substitution by an anionic group of from about
0.001 to about 2. In one embodiment the modified cellulose nanofibil has an average degree
of substitution by an anionic group of less than 1.0, preferably less than 0.5, more preferably
less than 0.1, and at a level where the anionic cellulose cannot form a stable suspension in

water without the use of addition additives or chemicals.

As used herein the “average degree of substitution by an anionic group” refers to the average
number of moles of the respective anionic group per mole of glucose unit in the modified
nanofibril. Thus, the average degree of e.g. sulfate group substitution refers to the average

number of moles of sulfate groups per mole of glucose unit in the modified nanofibril.

The degree of substitution can be determined according to methods known in the art (see for

example Zhang K et al, Cellulose 17: 427-435, 2010 and references cited therein).

Preferably the suspension of the anionically modified cellulose (i.e. the anionic cellulose
suspension) is prepared in liquid to obtain a (viscous) continuous phase in which the
anionically modified cellulose is substantially insoluble. It is understood that the solubility of
the anionically modified cellulose depends on the degree of substitution with the anionically

charged groups.

In case of neutral cellulose, the neutral cellulose is preferably a (neutral) cellulose nanofibril
isolated by use of chemical or mechanical degradation or a combination of both process stages
on the starting cellulose-based material as defined hereinabove. In specific embodiments, the
neutral cellulose nanofibrils may be obtained by mixing finely shredded cellulose-based
starting material as defined hereinabove with a non-derivatising mineral acid, for example
hydrochloric acid, boiling said mixture for between 10 minutes and 5 hours. Preferably the
concentration of the non-derivatising mineral acid is between 0.1 to 90%, preferably 10 to

60%. The obtained mixture is filtered and the extracted cellulosic material with or without
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prior drying is subject to mechanical shear for example using a ball mill or attritor device to

obtain the neutral cellulose nanofibrils.

The neutral cellulose nanofibril is characterized by having an elongated form, having an
average length in the range of 15-300 nm, preferably in the range of 50-200 nm. The average

thickness is preferably in the range of 3-300 nm, preferably in the range of 3-200 nm, more

preferably in the range of 10-100 nm.

To obtain the neutral cellulose suspension, the neutral cellulose may then be suspended in a
fluid medium or liquid comprising an additive or a suspending agent as defined hereinabove
to obtain a (viscous) continuous phase as defined hereinabove. A suitable suspending agent
(or additive) may be a natural gum (e.g. gum arabic, gum tragacanth, guar gum, locust bean
gum, carrageenan) a pectin, an alginate, a cellulose derivative (e.g.
hydroxypropylmethylcellulose, methyl cellulose, hydroxyethylcellulose,
carboxymethylcellulose), preferably methyl cellulose (such as the methyl cellulose or
hydroxyl propyl methyl cellulose supplied by Dow Wolff Cellulosics under the trade name
Methocel). A suitable liquid or continuous phase may be selected from aqueous solvents, e.g.
water, or organic solvents, e.g. methylene chloride, methanol, propanol and dimethyl

sulfoxide and the like, or as defined hereinabove.

Preferably, for the spinning step, the suspension of the anionically modified cellulose is
provided in a concentration range of between about 0.01 % and about 100 % (i.e. < 100%),
more specifically between about 0.01 % and about 80 %, preferably between about 1.0 % and
75 %, more preferably between about 1.0% up to about 60 %, more preferably between about

5.0% up to about 60 %, most preferably between about 7.0% up to about 60 %.

Detailed Description of the Invention

The invention shall now be illustrated and supported by specific examples, however these
examples shall no be used or construed to limit the scope of the invention as detailed above

and as defined in the appended claims.

Example 1:

Cellulose nanofibrils extracted using hydrochloric acid followed by mechanical grinding are
suspended with mixing in a 3 % solution of a Dow Wolff Methocel A grade (methyl

cellulose) having a number average molecular weight of 180,000 and a solution viscosity of
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40,000 mP.s (measured as a 2 % solution at 20 °C using an Ubbelohde viscometer). The

concentration of the neutral nanofibrils in the suspension is 30 %w/w.

Example 2:

Cellulose nanofibrils extracted using hydrochloric acid followed by mechanical grinding are
suspended with mixing in a 1.2 % solution of a Dow Wolff Methocel J grade (hydroxyl
propyl methyl cellulose) having a number average molecular weight of 220,000 and a solution
viscosity of 75,000 mP.s (measured as a 1% solution at 20 °C using a Brookfield viscometer).

The concentration of the neutral nanofibrils in the suspension is 27%w/w.
Example 3

Cellulose nanofibrils extracted using sulfuric acid and having a degree of substitution of < 0.5
is mechanically processed to break-up the cellulose structure in order to release the
nanofibrils. The nanofibrils are dried and fractionated to recover the fraction 100-200 nm in
length. These nanofibrils are dispersed, with mixing in a 2.5 % solution of hydroxy! propyl

methyl cellulose having a solution viscosity of 40,000 mP.s. The cellulose concentration is
28% wiw

Example 4

Anionic cellulose nanofibrils derived from the sulfuric acid hydrolysis of microcrystalline
cellulose are purified via dialysis against reverse osmosis purified/deionized water for three
days. To the resultant suspension of nanofibrils (1000g, 8% solids by weight) is added an
aqueous solution of Methocel A (methyl cellulose, supplier Dow Wolff, Mw ca. 180 kDa)
(400g, 2% solids by weight and system rendered visually homogeneous via gentle mechanical
agitation. The resultant viscous, composite gel is then dehydrated by freeze drying to yield a
finally divided powder (theoretical yield = 88 g). The composite cellulose-cellulose ether
powder (88g) is then reconstituted into a highly concentrated, viscous, aqueous gel by mixing
with aqueous sodium chloride solution (0.001M, 163g) in a 0.25 litre screw topped jar and

subjecting to resonant acoustic mixing (LabRam mixer, ResoDyn Inc) for 5 minutes.

Example 5

Neutral cellulose nanofibrils derived from the hydrochloric acid hydrolysis of microcrystalline
cellulose are purified via dialysis against reverse osmosis purified/deionized water for three
days. To the resultant suspension of nanofibrils (1000g, 8% solids by weight) is added an
aqueous solution of Methocel A (methyl cellulose, supplier Dow Wolff, Mw ~ 180 kDa)

(400g, 2% solids by weight and system rendered visually homogeneous via gentle mechanical
7
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agitation. The resultant viscous, composite gel is then dehydrated by freeze drying to yield a
finally divided powder (theoretical yield = 88 g). The composite cellulose-cellulose ether
powder (88g) is then reconstituted into a highly concentrated, viscous, aqueous gel by mixing
with water (88g) in a 0.25 litre screw topped jar and subjecting to resonant acoustic mixing

(LabRam mixer, ResoDyn Inc) for 6 minutes.

Example 6

Neutral cellulose nanofibrils derived from the hydrochloric acid hydrolysis of microcrystalline
cellulose are purified via dialysis against reverse osmosis purified/deionized water for three
days. To the resultant suspension of nanofibrils (1000g, 8% solids by weight) is added an
aqueous solution of hydroxypropylmethyl cellulose, supplier Dow Wolff) (400g, 2% solids by
weight and system rendered visually homogeneous via gentle mechanical agitation. The
resultant viscous, composite gel is then dehydrated by freeze drying to yield a finally divided
powder. The composite cellulose-cellulose ether powder is then reconstituted into a highly
concentrated, viscous, aqueous gel by mixing with water in a screw topped jar and subjecting

to resonant acoustic mixing (LabRam mixer, ResoDyn Inc) for 6 minutes.
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Claims

1.

Method for preparing a stable, high solids suspension of neutral or anionically
modified cellulose nanofibrils comprising the steps of: (a) isolating neutral or
anionic cellulose nanofibrils from cellulose-based material and (b) preparing a
stable suspension of the neutral or anionic cellulose nanofibrils in a (viscous)
continuous phase by dispersing the nanofibrils obtained in step (a) in a liquid in the

presence of a suspending agent.

Method according to claim 1 wherein the neutral or anionically modified cellulose
nanofibrils is present in the suspension in a solids content of 7 to 80 % solids,

preferably 9 to 60 %, more preferably 20 to 40 %.

Method of any of the preceding claims, wherein the neutral or anionically modified

cellulose is substantially in form of neutral or anionic cellulose nanofibrils.

Method of any of the preceding claims, wherein the anionic cellulose nanofibrils
are obtained from nanofibril containing cellulose-based material using chemical,
thermomechanical, chemi-thermomechanical processes, or combinations thereof,

preferably by chemical pulping and extraction.

Method according to any of the preceding claims, wherein the neutral cellulose
nanofibrils are obtained by (i) mixing finely shredded nanofibril containing
cellulose-based material, with a non derivatising mineral acid to obtain a mixture,
(i1) filtering said mixture to obtain an intermediate cellulosic material, and (iii)
subjecting said cellulosic to mechanical shear to obtain the neutral cellulose

nanofibrils.

Method of any of the preceding claims, wherein the anionically modified cellulose
is substituted with groups carrying a negative charge, such as sulfur-containing
groups (e.g. sulfate, sulfonate, alkylsulfate, alkylsulfonate), carboxyl groups,
phosphor-containing groups (e.g. phosphate, phosphonate), nitro groups or the like,

or combinations thereof.

Method of any of the preceding claims, wherein the anionically modified cellulose

has a degree of substitution of less than (.5.

Method according to any of the preceding claims, wherein the high solids

suspension is obtained by dispersing the neutral or anionically modified cellulose
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10.

11.

in a liquid comprising a dissolved suspending agent in which the neutral or

anionically modified cellulose is substantially insoluble.

Method according to any of the preceding claims, wherein the suspending agent is
natural gum (e.g. gum arabic, gum tragacanth, guar gum, locust bean gum,
carrageenan) a pectin, an alginate, a cellulose derivative (e.g.
hydroxypropylmethylcellulose, = methyl  cellulose,  hydroxyethylcellulose,

carboxymethylcellulose).

Stable, high solids suspension of neutral or anionically modified cellulose

nanofibrils obtained through a method according to any of the preceding claims.

Use of a stable, high solids suspension of neutral or anionically modified cellulose

nanofibrils according to any of the preceding claims for use in fibre spinning.

10



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/053985

A. CLASSIFICATION OF SUBJECT MATTER

INV. DO1D1/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

DO1F DO1D DZ21H

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X JP 2010 242063 A (KURARAY CO0)
28 October 2010 (2010-10-28)
abstract

examples 4,7
paragraphs [0011],
[0033],

[0021],
[0040] - [0043]

[0026] ,

_/__

1-11

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 June 2012

Date of mailing of the international search report

05/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Verschuren, Jo

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/053985

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

ELITON S. MEDEIROS ET AL: "Electrospun
Nanofibers of Poly(vinyl alcohol)
Reinforced with Cellulose Nanofibrils",
JOURNAL OF BIOBASED MATERIALS AND
BIOENERGY,

vol. 2, no. 3,

1 September 2008 (2008-09-01), pages
231-242, XP55031138,

ISSN: 1556-6560, DOI:
10.1166/jbmb.2008.411

paragraphs [02.1] - [02.3]

figures 2-8,12

US 6 231 657 B1 (CANTIANI ROBERT [FR] ET
AL) 15 May 2001 (2001-05-15)

examples 3-6

claims 1,3,5,12,17,24

column 4, line 17 - column 8, line 36
column 9, lines 47-56

US 6 485 767 B1 (CANTIANI ROBERT [FR] ET
AL) 26 November 2002 (2002-11-26)
example 1

column 2, lines 53-67

column 3, lines 1-15

column 4, line 46 - column 6, line 18
column 7, lines 41-46

PULLAWAN T ET AL: "Discrimination of
matrix-fibre interactions in all-cellulose
nanocomposites",

COMPOSITES SCIENCE AND TECHNOLOGY,
ELSEVIER, UK,

vol. 70, no. 16,

31 December 2010 (2010-12-31), pages
2325-2330, XP027491454,

ISSN: 0266-3538, DOI:
10.1016/J.COMPSCITECH.2010.09.013
[retrieved on 2010-10-20]

paragraph [02.1]

CH EYHOLZER ET AL: "Reinforcing effect of
carboxymethylated nanofibrillated
cellulose powder on hydroxypropyl
cellulose",

CELLULOSE, KLUWER ACADEMIC PUBLISHERS, DO,
vol. 17, no. 4, 8 May 2010 (2010-05-08),
pages 793-802, XP019815403,

ISSN: 1572-882X

page 794, column 2, line 30 - page 795,
column 1, line 15

figures 1,5

1-11

1-11

1-11

1-11

1-11

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/053985
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2010242063 A 28-10-2010  NONE

US 6231657 Bl 15-05-2001 AT 199924 T 15-04-2001
AU 723409 B2 24-08-2000
AU 3697397 A 09-02-1998
BR 0710328 A 17-08-1999
CA 2261092 Al 22-01-1998
DE 69704360 D1 26-04-2001
DE 69704360 T2 13-09-2001
DK 912633 T3 23-04-2001
EP 0912633 Al 06-05-1999
ES 2157078 T3 01-08-2001
GR 3035962 T3 31-08-2001
JP 3247390 B2 15-01-2002
JP 2000503703 A 28-03-2000
NO 990148 A 10-03-1999
PL 331147 Al 21-06-1999
PT 912633 E 30-08-2001
SK 3599 A3 10-04-2000
us 6231657 Bl 15-05-2001
US 2001011516 Al 09-08-2001
WO 0802486 Al 22-01-1998

US 6485767 Bl 26-11-2002 AT 222709 T 15-09-2002
AU 747289 B2 16-05-2002
AU 9546198 A 17-05-1999
BR 0814033 A 26-09-2000
CA 2307319 Al 06-05-1999
CN 1280461 A 17-01-2001
DE 69807514 D1 02-10-2002
DE 69807514 T2 08-05-2003
EP 1026960 Al 16-08-2000
FR 2770091 Al 30-04-1999
IL 135752 A 24-06-2003
JP 2001520868 A 06-11-2001
TR 200001143 T2 23-07-2001
us 6485767 Bl 26-11-2002
WO 0921435 Al 06-05-1999

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report

