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PROCESS FOR INCREASING THE DRY STRENGTH OF PAPER

Field of the Invention

This invention relates to processes for increasing the dry strength of paper using

mixtures of anionic dry strength resin and cationic or amphoteric starch.

Background of the Invention

In paper-making processes, starch is frequently added to the pulp fiber slurry
prior to the sheet forming operation to increase the final strength, particularly dry
strength of the paper or paperboard. The starch lcan be added as an unmodified,
uncooked slurry. However, addition in this form usually results in poor retention of the
starch in the paper, incomplete swelling of the starch granules and concomitant low
strength development. Therefore, most starch added to paper-making pulp slurries is
cationic starch, which is generally made cationic by reaction of the starch with a cationic
modifier, such as 2,3-epoxypropyltrimethylammonium chloride. The cationically
modified starch is cooked to put it into solution and delivered as a high solids (15 - 30%)

solution to the paper mill. In other cases the cationically modified starch is delivered as

~a dry powder and cooked at the paper mill site to make a low solids (0.5 - 4.0%) solution,

which is then added to the pulp slurry. The cationic starch molecules can adhere to the
naturally anionic pulp fibers by electrostatic attraction and thus be retained in the wet

fiber mat and remain in the final paper.

There are two major problems with cationically modified starches as additives to
paper-making pulp slurries. The first is that the cationic starch molecules can
overwhelm the anionic charge on the cellulose fibers, thus setting a limit on the amount

of cationic starch which can be added to the slurry. If too much cationic starch is added

-and the pulp fibers became cationic, only a portion of the starch which is added will be

retained in the sheet. The rest will circulate in the paper machine white water system and
cause problems such as foam, deposits on the paper-making machinery and filling of the

felts that are used to press the water out of the wet fiber mat. In addition, there will be
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no additional strength benefit in the finished paper from the extra starch which is added,

because it is not retained in the sheet.

A second problems is that fibers which have been made cationic by excessive
cationic starch addition, will not be able to adsorb other cationic additives which are
commonly added the to the pulp shurry, such as sizing agents, cationic dyes, cationic
pitch and stickies fixatives, wet strength resins, synthetic dry strength resins and cationic
retention and drainage aids. Because of this problem, there is an upper limit on the
amount of starch which can be added. This limit depends on the level of anionicity of
the fibers, the cationic charge density of the starch, and the amount and type of other
cationic additives. This limit is typically between about 0.5 wt.% and 2.5 wt.% starch on
a dry basis, based on the weight of the dry pulp fiber. In order to overcome this problem,
starch manufacturers have introduced amphoteric (containing both cationic and anionic
functional groups) starches. It has been found that in order for the amphoteric starch to
be effectively retained it must still contain a net cationic charge. Thus the upper limit on
the amount of amphoteric starch which can be added before encountering the problems
enumerated above is higher than for straight cationic starches, but a limit still exists,
because of the net cationic charge on the amphoteric starches. In addition, amphoteric

starches are more difficult to manufacture and more expensive than cationic starches.

Another class of paper strength additives which can be added to the pulp fiber
slurry is anionic polyacrylamide resins. The most commercially successful are reaction
products of acrylic acid with acrylamide to from a linear acrylamide chain with anionic
carboxylic acid side groups. These products can also be cross linked by reaction with a
cross linking agent such as, for example, methylene bisacrylamide. These anionic dry
strength agents are very poorly retained in the fiber slurry unless a separate addition of a
highly cationic additive is also made to the pulp slurry. T ypical cationic additives are,
for example, polydiallyldimethylammonium chloride, dimethylamine/epichlorohydrin
resins, epichlorohydrin/polyamidoamine resins, and polyethyleneimine. Aluminum
compounds such as alum or polyaluminum chloride can also be used to retain anionic
dry strength additives, but are normally only useful if the paper-making pH is lower than
6.0 and preferably lower than 4.5. Cationic starch has also been tried as a retention aid

for anionic dry strength agents, but has not proven very effective.
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It is generally believed that in order to effectively retain an anionic dry strength
agent, the cationic fixative must have a high cationic charge density, so as to put a
localized spot of very high cationic charge on the surfaces of the fibers as an attachment
site for the anionic dry strength additive. Cationic or net cationic amphoteric starches
typically have cationic charge densities of between 0.10 and 0.5 milliequivalents per
gram dry basis and typically 0.20 milliequivalents per gram dry basis. This is much
lower than the charge density of synthetic cationic fixatives which have charge densities
of 1.8 to 20.0 milliequivalents per gram dry basis and typically 6.0 milliequiifalents per
gram dry basis. Aluminum compounds also display high cationic charge densities under
appropriate acid condition, although this is difficult to measures because of the instability
of these compounds in water. It is common practice to add the cationic fixative to the
fiber slurry first, such as in the machine chest (last high consistency chest before the
paper slurry is diluted with paper-making white water dilution), or to the pump feeding
the slurry from the machine chest or to the stuff box (pressure leveling box) prior to the
high consistency stock slurry being diluted with paper machine white water. The anionic
dry strength agent is then added to the stock slurry at a later point in the system,
separated form the cationic fixative by a point of mixing such as the machine chest stock
pump, the primary cleaner pump or the fan pump. Additional points for the anionic dry
strength resin include all the addition points mentioned above and in a addition a point
ahead of the basis weight control valve, the suction of the primary cleaner pump, the

suction of the fan pump and points before or after the primary machine screen.

There are several problems that can arise involving the use of anionic dry
strength agent and cationic fixative. First, the ratio of the two must be carefully
controlled. If an excess of anionic dry strength agent is added, it is poorly retained and
the excess builds up in the white water loop of the paper machine causing foam and
deposits. If too much cationic fixative is added, it can over cationize the fibers and hurt
retention of all additives. Second, changes in the quality of the pulp slurry, the pH of the
paper machine system, the ratios of various types of paper-making fibers, will all affect
the optimum ratio of the cationic fixative to anionic dry strength resin. Third, the
determination of the proper ratio of fixative to anionic dry strength resin must be made
using sophisticated test equipment such as a streaming current detector or zeta potential
meter, both of which are sensitive laboratory instruments, subject to operator error and

not entirely suitable for control of an industrial processes. Fourth, the addition point of

-3-
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the anionic dry strength resin and the cationic fixative must be carefully selected so as
not to interfere with or be interfered by the addition of other cationic and anionic
additives in the stock slurry stream. In addition if the cationic fixative is added close to
he addition point of inorganic filler added to the stock slurry the filler particles will

adsorb the fixative and tie it up.

Summary of the Invention

This invention is a process for making paper with improved dry strength
comprising: a) adding to an aqueous paper pulp slurry a premixed aqueous mixture of
anionic dry strength resin and cationic starch or amphoteric starch having a net cationic
charge, wherein the ratio of the dry strength resin to cationic or amphoteric starch is such
that the aqueous mixture has a net cationic charge, and b) sheeting and drying the treated
pulp slurry to form paper. Paper produced by the process may have a higher dry strength
than paper that is the same except that the anjonic dry strength resin and cationic, or

amphoteric starch are added separately.

Detailed Description of the Invention

This invention is an improvement over conventional practice for incorporating
dry strength resin into paper, the improvement being the addition of premixed anionic
dry strength resin and cationic or amphoteric starch having a net cationic charge. The
invention has a variety of advantages over separate addition of the starch and dry

strength resin.

First, the dry strength developed is generally higher with the use of the
commixture than it is when the additives are added separately to the pulp slurry in the
same amounts. Second, the net cationic charge ensures excellent retention of both
additives and prevents the problems associated with unwanted build up of either additive
in the paper machine system. Third, there is no need to add a separate cationic fixative
which adds cost and complexity to the use of the anionic dry strength resin. Fourth,
there is less opportunity for high addition levels of the cationic fixative to cause over
cationization of the fibers, and so more starch can be added without causing operating
problems. Fifth, more anionic dry strength resin can be added to the paper making

system without causing paper machine operating problems. Sixth, since the ideal ratio of
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anionic dryv strength resin to cationic or amphoteric starch need be determined once in the
laboratory and these additives are always added to the paper machine in the same ratio,
there is no need for constant monitoring of the charge of the paper fiber slurry as there is
in the case when the anionic dry strength resin is used with a cationic fixative. Seventh,
since there is only one additive stream being added to the paper stock slurry steam, there
are fewer constraints on where the commixture is added than there are when two
different oppositely charged additives are being added separately. Eighth. since there is
less chance of over cationizing the fibers with starch cationic starch when it is commixed
with anionic dry strength resin, a less expensive straight cationic starch can be employed

instead of more expensive amphoteric starch.

The invention described herein can be applied to processes for making any type
of paper or paper board using any type of paper or paper board making machine.
Examples are printing and printing and writing papers, coated papers, publication papers
, artist papers, bond and archival papers, super calendered wood-free grades, telephone
directory paper, newsprint, text and cover papers, sack paper, gypsum paper, bristols, tag
and file folder, linerboard, corrugating medium, coated unbleached and bleached kraft
boards, recycled coated and uncoated boxboards, core stock, mat board, molded pulp
products, ceiling tile, insulation board, and ceiling tile. All these grades can benefit by
having higher strength development and are made using a wet forming process in which

a fibrous slurry is formed into a mat.

Any of the usual pulp fibers used in manufacturing the above listed grades of
paper or paper board may be used in the process of the invention. Typical, but not
exclusive examples are bleached and unbleached kraft pulp, bleached and unbleached
sulfite pulp, thermomechanical, chemithermomechanical, and mechanical pulps,

groundwood pulps, and recycled pulps.

Starches for use in the invention are cationic and amphoteric starches, available
by derivatization of any of the readily available starches. Cationic starches are preferred.
When amphoteric starch is used, it is necessary that net charge on the starch be positive.
Typical but not exclusive examples of starches that can be used in the invention are
cationic or amphoteric corn, waxy maize, potato, wheat, tapioca or rice starches. A

preferred starch is crosslinked cationic tapioca starch.
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Anionic dry strength resins suitable for use in the invention are typically
copolymers comprising monomers selected from the group consisting of acrylamide,
methacrylamide, acrylic acid, methacrylic acid, sodium-2-acrylamide-2-methylpropane
sulfonate. Preferably they are copolymers of acrylamide and acrylic acid and typically
have weight average molecular weights 0£ 250,000 to 5 50,0000 Daltons. They may also
be cross-linked to varying extents by incorporation of a crosslinking monomer, such as
methylene bis acrylamide. They are sold commercially as dry powders or as water
solutions with typical solids contents of 20 - 22%. The acrylic acid functional groups on
these polymers impart an anionic charge in water solution. The anionic charge decreases
as the paper making pH is reduced over the range of 8.5 to 3.9 because of protonation of
the acrylic acid groups. The anionic charge density at pH 4.0 is typically about 0.7
milliequivalents/gram dry basis and increases to typically around 1.20
milliequivalents/gram dry basis at pH 8.0. A preferred anionic dry strength resin for use

in the invention is a copolymer of monomers comprising acrylamide and acrylic acid.

Preparation of the aqueous mixture of cationic or amphoteric starch and dry
strength resin can be carried out in a variety of ways. The anionic dry strength resin can
be added to the cooked diluted starch in a mix tank with adequate agitation and the
mixture pumped to the paper machine, or the anionic dry strength resin can be pumped
and metered with a flow meter or metering pump into a stream of diluted cooked starch
which is being pumped and metered to the paper machine, followed by an in-line starch
or dynamic mixer. The in-line mixer can be a simple as piping which contains adequate
elbows, tee's or line length to ensure adequate mixing. There is no requirement for an
"aging time" for the mixture before it reaches the paper stock addition point.
Alternatively, it is also possible to mix the dry starch and dry strength resin in the desired

amounts and then prepare an aqueous solution of the mixture.

In the practice of the invention the ratio of cationic or amphoteric starch to
anionic dry strength resin will preferably be from about 2:1 to about 40:1, and more
preferably from about 5:1 to about 20:1 on a dry basis. Preferably a ratio is selected
which results in a mixture with at least a slight cationic charge. The aqueous mixture of
starch and anionic dry strength resin will preferably be added to the pulp slurry in an
amount such that the level of starch is from about 0.25 wt.% to about 2.25 wt.% of pulp
fiber on a dry basis, and more preferably such that the level is from about 0.5 wt.% to 1.5



10

15

20

25

30

WO 03/087473 PCT/US03/08051

wt.%. Similarly, the aqueous mixture of starch and anionic dry strength resin will
preferably be added to the pulp slurry in an amount such that the level of anionic dry
strength resin is from about 0.05 wt.% to about 0.25 wt.% of pulp fiber on a dry basis,
and more preferably from about 0.1 wt.% to about 0.2 wt.%.

Procedures

For the paper making examples presented below the paper furnish was a 50:50
blend of hard and soft wood kraft pulps. The machine chest contained the pulp furnish
and clay at a level of 10% by weight based on the weight of the dry pulp. Alum at the
0.5% addition level was added at the fan pump inlet. Perform™PC8713 retention aid
(available from Hercules Incorporated, Wilmington, Delaware) was added at the fan
pump outlet at the 0.0'1% level as a retention aid. Water had a hardness of 50 ppm and
an alkalinity of 25 ppm. The stock temperature was 50°C. The system pH was 4.5.

In those examples where mixtures of starch and anionic dry strength resin were
utilized, aqueous solutions of the two materials were mixed in a “T-line” feeding the first
paper stock mixer. In the comparative examples where starch and anionic dry strength
resin were added separately the starch was added at first mixer and the resin at the fourth

mixer.

Paper was made at a nominal 40 lbs/ream basis weight. The main section dryer

temperature was 80°C.

Paper was test for tensile strength and utilizing Tappi Method T494 om-96, for
Scott type internal bond strength using Tappi Method T569 pm-00.

The cationic or anionic charge of a mixture of cationic or amphoteric starch and
an anionic polyacrylamide dry strength resin was determined using the Mutek PCD 03
streaming current detector manufactured by Mutek Analytic of Marietta, GA. The PCD
03 is composed of a closed-bottom cylinder made of poly tetrafluoroethylene, a piston
which moves tp and down inside the cylinder, and a mechanism for driving the piston.
The cylinder was filled with 10 ml of a fluid and the electric drive started. As the piston
moves up a and down in the cylinder, the fluid is forced to move opposite the motion of
the piston. Electrodes near the top and bottom of the cylinder are attached to a electronic
circuit which measures a weak alternating electrical potential. The potential is amplified

and rectified to produce a millivolt signal output, indicating the charge on the particles
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1

dispersed in the fluid. This instrument relies on the fact that the surface of a charged
particle in aqueous solution has charges at its surface. Next to the surface is a
"stationary" layer or "Stern" layer which is of opposite charge. Next to the stationary
Jayer is the "diffuse" layer of a charge opposite the stationary layer. The motion of the
PCD piston sweeps away the diffuse layer and this moving mass of charged particles can

be measured by the alternating potential across the electrodes.

After the fluid sample was placed in the instrument and the starting MV potential
determined, a titrant of opposite charge was titrated into the fluid sample, while the
piston continues to move up and down. The normal cationic titrant was
polydiallyldimethyl ammonium chloride (polyDADMAC) and the normal anionic titrant
was potassium polyvinyl sulfonic acid (PESNA). The titrant was normally added as a
0.001 N solution. The amount of titrant required to bring the MV potential to zero is
determined and the result multiplied by 100 to give the milliequivalents of charge per

liter of fluid.

A unit similar in operation to the Mutek is supplied by ChemTrack and is also

suitable for use with this invention.

To determine the charge on a starch solution, the cooked starch solution was
allowed to cool and placed in the instrument. Since cationic and amphoteric starches
used as wet end additives in paper making are cationically charged, the anionic titrant
was used to determine the level of the cationic charge. The anionic polyacrylamide dry
strength resin was then added to the cationic or amphoteric starch solution and mixed,
and then the charge determined on the mixture as described above. This enabled
drawing a curve of the cationic charge level versus the ratio of anionic dry strength resin
to cationic or amphoteric starch. The amount of anionic dry strength resin employed was

such that the resultant mixture displayed a net cationic charge.
Materials

The anionic dry strength resin was Hercobond®2000, a copolymer of acrylamide

and acrylic acid, available from Hercules Incorporated, Wilmington, Delaware.

Ampbhoteric starch was Cato® 255 and cationic starch Cato® 232, available from
National Starch and Chemical Company, Bridgewater, New Jersey. Both are based on

waxy maize starch.



WO 03/087473 PCT/US03/08051

The results of Examples 1-8 and Comparative Examples A-I are presented in
Table 1 below. The data clearly demonstrate the improvement in dry strength,
particularly Scott type internal bond strength, when the starch and dry strength resin are
premixed before addition to the pulp slurry.
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What is claimed is:

1. A process for making paper with improved dry strength comprising:

a) adding to an aqueous paper pulp slurry an aqueous mixture of anionic dry
strength resin and cationic starch or amphoteric starch having a net cationic charge,
wherein the ratio of the dry strength resin to cationic or amphoteric starch is such that the
aqueous mixture has a net cationic charge, to form a treated pulp slurry, and

b) sheeting and drying the treated pulp slurry to form paper.

2. The process of claim 1 wherein the paper has higher dry strength than paper
that is the same except that the anionic dry strength resin and cationic or amphoteric

starch are added separately.

3. The process of claim 1 wherein the anionic dry strength resin is a copolymer
of monomers selected from the group consisting of acrylamide, methacrylamide, acrylic

acid, methacrylic acid, and sodium-2-acrylamide-2-methylpropane sulfonate.

4. The process of claim 1 wherein the anionic dry strength resin is a copolymer

of monomers comprising acrylamide and acrylic acid.
5. The process of claim 4 wherein the anionic dry strength resin is crosslinked.

6. The process of claim 1 wherein the aqueous mixture is added in an amount
“ such that the level of starch is from about 0.25wt.% to about 2.25 wt.% of pulp fiber on a
dry basis, based on the dry weight of the pulp fiber.

7. The process of claim 1 wherein the aqueous mixture is added in an amount
such that the level of starch is from about 0.5wt.% to about 1.5 wt.% Ibs/ton of pulp fiber
on a dry basis.

8. The process of claim 1 wherein the aqueous mixture is added in an amount

such that the level of anionic dry strength resin is from about 0.05 wt.% to about
0.25 wt.% of pulp fiber on a dry basis.

9. The process of claim 1 wherein the aqueous mixture is added in an amount
such that the level of anionic dry strength resin is from about 0.1 wt.% to about 0.2 wt.%
of pulp fiber on a dry basis.

10. The process of claim 1 wherein the weight ratio on a dry basis of starch to

anionic dry strength resin in the aqueous mixture is from about 2:1 to about 40:1.

-11 -
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11. The process of claim 1 wherein the weight ratio on a dry basis of starch to

anionic dry strength resin in the aqueous mixture is from about 5:1 to about 20:1.

12.  The process of claim 1 wherein the cationic starch is selected from the

group consisting of cationic waxy maize, potato, corn, wheat and tapioca starch.

13. The process of claim 1 wherein the amphoteric starch is selected from the

group consisting of amphoteric waxy maize, potato, corn, wheat and tapioca starch.

14. The process of claim 1 wherein anionic dry strength resin is a copolymer of
monomers selected from the group consisting of acrylamide, methacrylamide, acrylic
acid, methacrylic acid, and sodium-2-acrylamide-2-methylpropane sulfonate, the cationic
starch is selected from the group consisting of cationic waxy maize, potato, corn, wheat
and tapioca starch, and the amphoteric starch is selected from the group consisting of

amphoteric waxy maize, potato, corn, wheat and tapioca starch.

15. The process of claim 14 wherein the aqueous mixture is added in an amount
such that the level of starch is from about 5 to about 45 Ibs/ton of pulp fiber on a dry
basis, based on the dry weight of the pulp fiber, the level of anionic dry strength resin is
from about 1 to about 5 Ibs/ton of pulp fiber on a dry basis, and wherein the weight ratio
on a dry basis of starch to anionic dry strength resin in the aqueous mixture is from about

2:1 to about 40:1.

16. A process for making paper with improved dry strength comprising:

a) providing an aqueous pulp slurry;

b) providing an aqueous mixture of anionic dry strength resin and cationic or
amphoteric starch having a net cationic charge, wherein the ratio of the dry strength resin
to cationic or amphoteric starch is such that the aqueous mixture has a net cationic
charge;

c) adding the aqueous mixture of step (b) to the aqueous pulp slurry to form a
treated pulp slurry; and

d) sheeting and drying the treated pulp slurry to form paper.

17.  The process of claim 16 wherein the paper has higher dry strength than
paper that is the same except that the anionic dry strength resin and cationic or

amphoteric starch are added separately to the aqueous pulp slurry.

-12-



INTERNATIONAL SEARCH REPORT

Internal 'Application No

PCT/US 03/08051

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 D21H21/18

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 D21H

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

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

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4 643 801 A (JOHNSON KERRIE A) 1-4,
17 February 1987 (1987-02-17) 10-12,
14,16

claims 1,2,4,9,11,12; exampies 1-4

X DE 199 40 955 A (BASF AG) 1-3,16
1 March 2001 (2001-03-01)
examples 1-6; table 6

A US 6 294 645 Bl (ALLEN ANTHONY J ET AL) 1-17
25 September 2001 (2001-09-25)
the whole document

A WO 98 06898 A (HERCULES INC) 1-17
19 February 1998 (1998-02-19)
the whole document

iy -

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : i . . .

'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

*A" document defining the general state of the art which is not
considered to be of particular relevance
*E" earlier document but published on or afterthe international *X* document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L* document which may throw doubts on priotity claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *y* document of particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

'O document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combinalion being obvious to a person skilled
*P* document published prior to the international filing date but inthe art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
17 July 2003 06/08/2003
Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Karisson, L

Form PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Internai 'Application No

PCT/US 03/08051

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

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

Relevant to claim No.

A US 4 824 523 A (LINDSTROEM TOM S C ET AL)
25 April 1989 (1989-04-25)

the whole document

A DE 197 13 755 A (BASF AG)

8 October 1998 (1998-10-08)

the whole document

A WO 01 77437 A (SCA HYGIENE PROD AB
;ANDREASSON BO (SE); SANDBERG SUSSAN (SE))
18 October 2001 (2001-10-18)

the whole document

1-17

1-17

1-17

Fom PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

ation on patent family members

Internal ~ Application No

PCT/us 03/08051

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4643801 A 17-02-1987 AT 62720 T 15-05-1991
CA 1266730 Al 13-03-1990
DE 3769327 D1 23-05-1991
DE 234513 T1 09-06-1988
EP 0234513 Al 02-09-1987
ES 2001832 T5 16-01-1999
us 4750974 A 14-06-1988
DE 19940955 A 01-03-2001 DE 19940955 Al 01-03-2001
AT 240434 T 15-05-2003
AU 7647300 A 26-03-2001
CA 2382672 Al 08-03-2001
DE 50002206 D1 18-06-2003
Wo 0116425 Al 08-03-2001
EP 1210480 Al 05-06-2002
JP 2003508642 T 04-03-2003
US 6294645 Bl 25-09-2001 AU 8511398 A 16-02-1999
Wo 9905361 Al 04-02-1999
ZA 9806682 A 25-01-1999
WO 9806898 A 19-02-1998 AU 3913197 A 06-03-1998
WO 9806898 Al 19-02-1998
ZA 9707367 A 16-02-1998
US 4824523 A 25-04-1989 DE 3475632 D1 19-01-1989
DE 198832 T1 15-01-1987
EP 0198832 Al 29-10-1986
FI 862384 A 04-06-1986
SE 8306739 A 07-06-1985
Wo 8502635 Al 20-06-1985
DE 19713755 A 08-10-1998 DE 19713755 Al 08-10-1998
AU 730063 B2 22-02-2001
AU 7427598 A 30-10-1998
Wo 9845536 Al 15-10-1998
EP 0972110 Al 19-01-2000
JP 2001518988 T 16-10-2001
NZ 338029 A 28-04-2000
ZA 9802842 A 20-01-1999
WO 0177437 A 18-10-2001 AU 4297101 A 23-10-2001
BR 0109841 A 03-06-2003
CN 1422347 T 04-06-2003
EP 1282741 Al 12-02-2003
SE 0001268 A 07-10-2001
WO 0177437 Al 18-10-2001

Form PCT/ISA/210 (patent family annex) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

